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The i n i t i a l  i n t e n t i o n  was to  i n v e s t i g a t e  th e  e f f e c t  o f  
y a lu r o n id a s e  on grow in g  c o n n e c t iv e  t i s s u e  and to  e l u c i d a t e  i t s  
r e l a t i o n s h i p  t o  i n h i b i t i o n  o f  c o n n e c t iv e  t i s s u e  fo r m a t io n  "by- 
a d r e n a l  c o r t i c o s t e r o i d s .  I t  has b een  shown t h a t  p e r s i s t e n t  
a p p l i c a t i o n  o f  th e  enzyme t o  g r a n u la t in g  t i s s u e  c a u s e s  ra p id  
i n v a s i o n  o f  th e  s u r f a c e  ex u d a te  b y  f i b r o b l a s t s  and t h a t  th e  
norm al fo r m a t io n  o f  b u n d les  o f  r e t i c u l a r  t i s s u e  i s  im p a ired .  
I n v e s t i g a t i o n  o f  th e  e f f e c t s  o f  a s i n g l e  a p p l i c a t i o n  o f  
h y a lu r o n id a s e  and th e  r e l a t i o n s h i p  o f  t h e s e  e f f e c t s  to  s im u lta n e o u s  
c o r t i c o s t e r o i d  a p p l i c a t i o n  was n o t  c a r r i e d  out as th e  h i s t o l o g i c a l  
t e c h n iq u e s  b e in g  u se d  i n  th e  i n v e s t i g a t i o n  were u n s a t i s f a c t o r y .
I n v e s t i g a t i o n  o f  t h e s e  t e c h n iq u e s ,  th e  background o f  which i s  
d e s c r ib e d ,  le d  to  th e  a d o p t io n  o f  newer o n e s .  One o f  th e  te c h n iq u e s  
ad op ted  was t h a t  o f  u s in g  w ater  s o l u b l e  p o ly e t h y le n e  g l y c o l  wax as  
an embedding medium. I t  p e r m its  i d e n t i f i c a t i o n  o f  l i p i d s  i n  s e r i a l  • 
s e c t i o n s  and red u ces  l o s s e s  and d i s t o r t i o n  o f  t i s s u e  c o n s t i t u e n t s  
d u r in g  em bedding. W hile u s in g  t h i s  wax d i f f i c u l t i e s  in  s e c t i o n i n g  
were en co u n tered  and i n v e s t i g a t i o n  showed t h a t  t h e s e  were c a u sed  b y  
h ig h  a tm o sp h er ic  r e l a t i v e  h u m id i t i e s  c a u s in g  a b s o r p t io n  o f  w ater  
b y  th e  v e r y  h y g r o s c o p ic  wax.
In  ord er  to  e l im in a t e  c h e m ic a l  l o s s  or a l t e r a t i o n ,  or p h y s i c a l  
change i n  th e  t i s s u e ,  f r e e z e - d r y i n g  was adopted  as a method o f  
p r e p a r a t io n .  Due t o  in a d eq u a te  know ledge a t  t h a t  t im e  o f  th e  problem s  
in v o lv e d  th e  th e o r y  o f  t i s s u e  f r e e z e - d r y i n g  was e n te r e d  i n t o  i n  some 
d e t a i l  and a new a p p a r a tu s ,  b a se d  on th e  t h e o r e t i c a l  f i n d i n g s ,  was 
d e s ig n e d  and b u i l t .
B ec a u se  o f  th e  la c k  o f  s p e c i f i c i t y  o f  th e  h i s t o c h e r n ic a l  
ch n iq u es  a v a i l a b l e  f o r  th e  i d e n t i f i c a t i o n  o f  h y a lu r o n ic  a c id  
a ttem p ts  were made to  d e v e lo p e  a new o n e .  These a t te m p ts  a r e  
d e s c r i b e d .  The f a c t  t h a t  exp osu re  o f  c o n v e n t io n a l l y  prep ared  s e c t i o n s  
to  sodium  h y d r o x id e ,  b e f o r e  p e r i o d i c  a c id  o x i d a t i o n ,  g r e a t l y  enhances  
th e  c o lo u r  r e a c t i o n  o b ta in e d  in  c e r t a i n  t i s s u e s  w ith  th e  p e r i o d i c  
a c i d - S c h i f f  t e c h n iq u e ,  was n o t e d .  The i n v e s t i g a t i o n  o f  t h i s  e f f e c t  
i s  d e s c r ib e d  and i t  i s  shown th a t  fo r m a l in  appears to  a f f e c t  c e r t a i n  
s u b s t a n c e s ,  p o s s i b l y  b y  p o ly m e r iz in g  them, s o  t h a t  th e y  o n ly  r e a c t  
w eak ly  w ith  t h i s  t e c h n iq u e .  The a l k a l i  r e v e r s e s  t h i s  f o r m a l in  e f f e c t  
s & t h a t  th e y  reatft s t r o n g l y  to  th e  p e r i o d i c  a c i d - S c h i f f  t e c h n iq u e  
a g a i n .  The r e l a t i o n s h i p  b etw een  t h i s  fo r m a l in  e f f e c t  and th e  c h e m ic a l  
s t r u c t u r e  o f  th e  u s b s ta n c e s  in v o lv e d  i s  d i s c u s s e d .
The c o n c lu s io n  rea ch ed  i s  t h a t  h y a lu r o n id a s e  h as  a d e f i n i t e  
e f f e c t  on f i b r o b l a s t i c  i n f i l t r a t i o n  and f i b r e  fo r m a t io n  i n  growing- 
c o n n e c t iv e  t i s s u e  b u t  th e  r e l a t i o s h i p  o f  t h i s  f u n c t i o n  to  th e  a c t i o n  
o f  a d r e n o c o r t i c o s t e r o i d s  i s  n o t  c l e a r .  In  a h i s t o c h e r n ic a l  s tu d y  o f  
t h i s  ty p e  i t  i s  e s s e n t i a l  t o  en su r e  t h a t  th e  s u b s ta n c e s  in v o lv e d  i n  
th e  s t u d y ,  h y a lu r o n ic  a c id  i n  t h i s  c a s e ,  a r e  n o t  b e in g  l o s t  d u r in g  
p r e p a r a t io n  f o r  m ic r o s c o p ic  e x a m in a t io n ,  and t h a t  t h e r e  i s  a v a i l a b l e  
a r e l i a b l e  t e c h n iq u e  f o r  i d e n t i f y i n g  them. As t h e s e  two c r i t e r i a  
were n o t  s a t i s f i e d  i n  t h i s  c a s e  f r e e z e - d r y i n g  and th e  u s e  o f  p o ly ­
e t h y le n e  g l y c o l  waxes Y^ere adopted  i n  ord er  t h a t  th e  f i r s t  would b e .  
I n v e s t i g a t i o n  o f  th e  se c o n d  has shovm t h a t  a lth o u g h  t h e r e  i s  no 
h is t o c h e r n ic a l  method f o r  i d e n t i f i c a t i o n  o f  h y a lu r o n ic  a c i d  a v a i l a b l e  
i t  m igh t b e  p o s s i b l e  to  d e v e lo p e  one b a se d  on th e  a l k a l i n e  d e c o m p o s i t io n  
o f  i t s  hexosam in e c o n t e n t .  Then i t  m ight b e  p o s s i b l e  t o  r e tu r n  t o  a
a c c u r a t e  s tu d y  o f  th e  i n t e r - r e l a t i o n s h i p  o f  h y a lu r o n id a s e  and 
iu r o n ic  a c id  f u n c t i o n  i n  f i b r o b l a s t i c  a c t i v i t y .
”My b u s in e s s  i s  to  te a c h  my a s p i r a t i o n s  to  conform  
th e m se lv e s  to  f a c t ,  n o t  to  t r y  to  make f a c t s  
harm onise  w ith  my a s p i r a t i o n s .  S i t  down b e f o r e  
f a c t  as a l i t t l e  c h i l d ,  be prepared  t o  g i v e  up 
e v er y  p r e c o n c e iv e d  n o t i o n ,  f o l l o w  humbly wherever  
n a tu r e  l e a d s ,  or you w i l l  l e a r n  n o t h i n g . ”
-  Thomas H u x ley .
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R e f e r e n a e s •
P u b l i c a t i o n s •
The i n i t i a l  i n t e n t i o n  was to  s tu d y  th e  e f f e c t  o f  
h y a lu r o n id a s e  on g row in g  c o n n e c t i v e  t i s s u e s  (C h a p te r  I ) .
By i n t r o d u c in g  th e  enzyme i n t o  g r a n u l a t i o n  t i s s u e  i t  was 
hoped  t h a t  some m o d i f i c a t i o n  o f  h y a lu r o n ic  a c i d  p r o d u c t ­
io n  would o c c u r  and t h i s  would r e s u l t  in. an a l t e r a t i o n  
i n  f i b r e  f o r m a t io n .  E xp er im en ts  b a se d  on t h i s  p la n  a r e  
d e s c r ib e d  and i t  i s  shown t h a t  an e f f e c t  i s  p ro d u ced  b u t  
t e c h n i c a l  d i f f i c u l t i e s  p r e v e n t e d  c o n c l u s i o n s  b e i n g  r e a c h e d .  
T h ese  d i f f i c u l t i e s  were c o n c e r n e d  w ilh  th e  p r e s e r v a t i o n  and  
i d e n t i f i c a t i o n  o f  h y a lu r o n ic  a c i d  and s i m i l a r  s u b s t a n c e s ,  
and i t  was f e l t  t h a t  t h e  c o n v e n t io n a l  m ethods u se d  w ere  
I n a d e q u a te .  T h e r e fo r e  an e n t i r e l y  new approach  u s i n g  
d i f f e r e n t  t e c h n iq u e  o f  p r e s e r v a t i o n ,  embedding and s t a i n i n g  
was p la n n e d .  C hapter I I  o u t l i n e s  th e  r e a s o n s  f o r  u s i n g  
t h e s e  new er t e c h n i q u e s .
One o f  th e  d i f f i c u l t i e s  e n c o u n te r e d  was i n  th e  u s e  o f  
w ater  s o l u b l e  p o l y e t h y l e n e  g l y c o l  waxes as embedding media  
i n  i d e n t i f y i n g  h y a lu r o n ic  a c i d  l i k e  s u b s t a n c e s  and. a s h o r t  
i n v e s t i g a t i o n  i n t o  t h e i r  u s e  had to  b e  c a r r i e d  o u t  (C h a p te r  
I I I ) .  The c o n v e n t io n a l  methods o f  f i x a t i o n  w ere h o t  
c o n s id e r e d  a d e q u a te  f o r  th e  p r e s e r v a t i o n  o f  the s u b s ta n c e s  
o f  i n t e r e s t  i n  th e  i n i t i a l  i n v e s t i g a t i o n  and t h e r e f o r e  I  
d e c id e d  to  u s e  f r e e z e - d r y i n g  f o r  p r e s e r v i n g  t h e  t i s s u e s .
As i s  e x p la in e d  i n  t h e  t e x t  I  had to  c a r r y  o u t  a c o n s id e r a b l e  
amount o f  p e r s o n a l  r e s e a r c h  on t h e  th e o r y  o f  t i s s u e  f r e e z e -
d r y i n g ,  b e c a u s e  a t  th e  t im e  when t h e  m ach in e  was p la n n e d  
t h e r e  was n o t  a v a i l a b l e  any  c o n c i s e  t r e a tm e n t  o f  t h e  s u b j e c t .  
T h ese  t h e o r e t i c a l  and p r a c t i c a l  c o n s i d e r a t i o n s  a r e  g i v e n  i n  
C hapter IV .
As th e  t e c h n iq u e s  a v a i l a b l e  fo r  t h e  i d e n t i f i c a t i o n  o f  
h y a lu r o n ic  a c i d  i n  s e c t i o n s  were c o n s id e r e d  to  b e  in a d e q u a te  
an a t te m p t  was made to  d e v e lo p  a new o n e .  The u s e  o f  an  
a l k a l i n e  f e r r i c y a n i d e  method f o r  t h i s  p u r p o se  i s  d e s c r ib e d  
and t h e  r e s u l t ,  w hich show ed t h a t  e x p o s u r e  to  a l k a l i  h a s  an  
e f f e c t  upon t h e  p e r i o d i c  a c i d - S c h i f f  s t a i n i n g  i n t e n s i t y  o f  
c e r t a i n  s u b s t a n c e s ,  a r e  d e s c r ib e d  i n  C h ap ter  V.
I n  t h e  l a s t  p a r t  o f  th e  t h e s i s  (C h a p te r  V I) I  h a v e  
d e s c r ib e d  th e  f u r t h e r  i n v e s t i g a t i o n  o f  t h e  e f f e c t  o f  a l k a l i  
on p e r i o d i c  a c i d - S c h i f f  p o s i t i v e  s u b s t a n c e s  and shown th e  
r e l a t i o n s h i p  to  f o r m a l in  f i x a t i o n .  In  i t  I  h a v e  a l s o  made 
some s u g g e s t i o n s  ab ou t t h e  p o s s i b i l i t y  o f  d e v e lo p in g  new  
h i s t o c h e r n ic a l  m ethods f o r  s a c c h a r i d e s .
The e n t i r e  i n v e s t i g a t i o n  h as  shown t h a t  a l th o u g h  
h y a lu r o n id a s e  h as  an e f f e c t  on grow in g  c o n n e c t i v e  t i s s u e  i t  
i s  n o t  p o s s i b l e  to  d e te r m in e  th e  r o l e  p la y e d  b y  h y a lu r o n ic  
a c i d .  I t  i s  hoped  how ever t h a t ,  f o l l o w i n g  t h e  l i n e s  o f  
i n v e s t i g a t i o n  l a i d  down h e r e ,  some method o f  d o in g  s o  may b e  
d e v e lo p e d .
The work d e s c r ib e d  e n t a i l e d  th e  p r e p a r a t i o n ,  e x a m in a t io n  
and r e p o r t in g  o f  o v e r  two th o u sa n d  h i s t o l o g i c a l  s e c t i o n s .
Mo&'t o f  t h e s e  a r e  f i l e d  and a r e  a v a i l a b l e  f o r  e x a m in a t io n .
To produce photographs o f  th e  m o rp h o lo g ica l  and 
h is to c h e r n ic a l  v a r ia t i o n s  shown i n  t h e s e  s e c t i o n s  would  
be e x c e s s i v e l y  e x p e n s iv e  and tim e consum ing, and would  
be p o i n t l e s s  where a n e g a t iv e  r e a c t i o n  i s  shown. Thus 
I have ch osen  o n ly  th o s e  m ic r o sc o p ic  i l l u s t r a t i o n s  which  
dem onstrate  th e  main theme o f  any p a r t i c u la r  s e c t i o n  o f  
th e  t h e s i s .
( 1 )
I
EFFECT OF HYALURONIDASE ON THE GROUND 
SUBSTANCE OF CONNECTIVE TISSUE*
( 2 )
( a )  The s t r u c t u r e  and f u n c t i o n  o f  h y a lu r o n ic  a c i d .
The ground s u b s t a n c e  o f  c o n n e c t i v e  t i s s u e  i s  b e l i e v e d  
t o  h a v e  a g e l - l i k e  s t r u c t u r e .  ( C la r k  and C la r k ,  I 9 I 85 
1933; L a g u e s s e ,  1921; Bens l e y ,  1931+a; McMasters and P a r s o n s ,  
1 9 3 9 ; )  H y a lu r o n ic  a c i d  i s  a s im p le  a c i d  m u c o p o ly s a c c h a r id e  
fou nd  i n  t h a t  ground s u b s t a n c e .  (M eyer and P a lm ie r ,  I9 3 6 ; 
Meyer and C h a f f e e ,  I 9 I+I ; M eyer, I 9 I+6 ; D ay , 191+7;) I t s  
s t r u c t u r e  was f i r s t  s u g g e s t e d  by Meyer and P a lm ie r  ( I9 3 6 ) 
and i t  i s  c o n s id e r e d  to  b e  a p r o t e i n  f r e e  p o l y s a c c h a r i d e  
com posed o f  g l u c u r o n ic  a c i d  and N - a c e t y lg lu c o s a m in e  i n  
e q u im o le c u la r  p r o p o r t i o n s .  The fo rm u la  g i v e n  b e lo w  i s  t h a t  
o f  Meyer and F e l l i g  ( 1 9 5 0 ) .
C h o n d r o i t in  s u l p h a t e  w hich i s  o f t e n  fou n d  i n  c o n j u n c t io n  
w ith  h y a lu r o n ic  acid , i s  o r  v e r y  s i m i l a r  c o n s t r u c t i o n  (M e y e r ,  
O d ier  and S i e g r i s t ,  I 9 I+8 ) .
H y a lu r o n ic ,  a c i d  i s  th o u g h t  t o  b e  p rod u ced  b y  young  
f i b r o b l a s t s  (M e y e r ,  191+6.) which s e c r e t e  i t  i n t o  t h e i r  
su r r o u n d in g  s p a c e  a lo n g  w ith  a p r e c u r s o r  o f  c o l l a g e n  and a 
c h o n d r o i t i n  s u l p h a t e .  By l o c a l  a c i d i f i c a t i o n  i n  t h e  
im m ed ia te  n e ig h b o u rh o o d  o f  th e  c e l l s  t h e  f i r s t  f i b r e s  a r e  
produced  b y  th e  p o l y s a c c h a r i d e  from t h e  n a t i v e  s o l u b l e
cootf
( 3 )
c o l l a g e n ,  w hich  d e n a tu r e  i n t o  th e  i n s o l u b l e  f i b r e s ,  on th e  
s u r f a c e  o f  which l i e s  a s h e e t  o f  p o l y s a c c h a r i d e s .  With  
a g e in g  o f  th e  f i b r e s ,  t h e  p o l y s a c c h a r i d e  l a y e r  becomes  
t h in n e r  and t h e  h y a lu r o n a t e  i s  r e p la c e d  more and more b y  
c h o n d r o i t i n  s u l p h a t e .  O nly  i n  m e t a b o l i c a l l y  v e r y  a c t i v e  
c o n n e c t i v e  t i s s u e  l i k e  t h a t  o f  s k i n ,  d oes  h y a lu r o n ic  a c i d  
p r o d u c t io n  c o n t in u e  i n  a p p r e c i a b l e  q u a n t i t i e s .
Thus h y a lu r o n ic  a c i d  i s  s e e n  to  b e  p a r t  o f  th e  ground  
s u b s t a n c e  o f  a c t i v e l y  g ro w in g  c o n n e c t i v e  t i s s u e  and i s  a l s o  
fou nd  on t h e  s u r f a c e  o f  immature c o l l a g e n  f i b r e s .  I t  i s  
th u s  p a r t i a l l y ,  p erh ap s  i n c i d e n t a l l y ,  a ‘ sp a cer*  l y i n g  b e tw e e n  
f i b r e s •
H y a lu r o n ic  a c i d  h ow ever i s  n o t  t h e  o n ly  m u c o p o ly s a c c h a r id e  
component o f  ground s u b s t a n c e .  A c c o r d in g  t o  Meyer and  
Rapport ( 1 9 5 1 )  t h e r e  a r e  f i v e  co m p o n en ts .  In  a d d i t i o n  to  
h y a lu r o n ic  a c i d  t h e r e  a r e  t h r e e  ty p e s  o f  c h o n d r o i t i n  s u l p h a t e  
and a h y a lu r o n s u lp h a t e  b u t  o f  t h e s e  o n ly  h y a lu r o n ic  a c i d  
and c h o n d r o i t i n  s u lp h a t e -C  a r e  found  i n  s k i n .
( b ) The o r i g i n  and f u n c t i o n  o f  h y a l u r o n i d a s e .
H y a lu r o n id a se  i s  t h e  name g iv e n  to  a s e r i e s  o f  enzymes 
o f  v a r y in g  o r i g i n  a l l  o f  w hich c a n  d e p o ly m e r iz e  h y a lu r o n ic  
a c i d .  T h is  group o f  enzymes was o r i g i n a l l y  known a s  th e  
* s p r e a d in g  f a c to r *  o f  D u ran -R eyn a ls  ( 1928) b e c a u s e  o f  i t s  
a b i l i t y  to  d e p o ly m e r iz e  th e  ground s u b s t a n c e  o f  c o n n e c t i v e  
t i s s u e  and p e r m it  e a s y  p e n e t r a t i o n  o f  t h e  t i s s u e  by f l u i d s • 
(Hobby e t  a l ,  I9 U I ) .
H y a lu r o n id a s e  h as  b e e n  i s o l a c e d  f r o m  t e s t i s  ( D u r a n -  
R ey n a ls  , 1 928;  McLwan, 19 30 ) ,  f ro m  s k i n  (C la u d e  and 
D u r a n -R e y n a ls , 1934; M eyer, C h a f f e e ,  Hobby and Dawson,
I9 i4l )  from  l e e c h  e x t r a c t  ( C la u d e ,  I9 39)>  from  sn a k e  
venom (C h a in  and D u t h ie ,  I9 I4O; Pa v i l l i , I9 I4O ),  from  b a c t e r i a  
( D u r a n -R e y n a ls , 1933; McLean, 1936; M eyer, Dubos and 
S m ith ,  1937; M eyer, Hobby, C h a f fe e  and Dawson, I9 I4O;
McLean, R ogers and W i l l ia m s ,  1943; and C ro w ley ,  I9 UI4) ,  
and from  s c h is t o s o m a  ( L e v i n e ,  G a r z o l t ,  K urtz and K iH o u g h ,
1 9 4 6 . )
A c c o r d in g  to  M eyer, Hobby, C h a f fe e  and Dawson, ( I 9 I4O) 
t e s t i c u l a r  h y a lu r o n id a s e  a f f e c t s  s u l p h a t e - c o n t a i n i n g  and 
s u l p h a t e - f r e e  m u c o p o ly s a c c h a r id e s  w h i l e  t h e  b a c t e r i a l  
h y a lu r o n id a s e  a f f e c t s  p a r t i c u l a r l y  th e  l a t t e r .  A c c o r d in g  
to  them h y a lu r o n id a s e  a c t s  on h y a lu r o n ic  a c i d  i n  two 
d i f f e r e n t  w a y s .  I t  f i r s t  c a u s e s  a r a p id  d e p o ly m e r iz a t io n  
and s e c o n d  a s lo w  h y d r o l y s i s . Meyer ( 1 9 4 7 )  h a s  s u g g e s t e d  
t h a t  two enzymes m ig h t  b e  n e c e s s a r y  f o r  t h i s  a c t i o n  and  
th e  d i f f e r e n c e s  b e tw e e n  t e s t i c u l a r  and b a c t e r i a l  a c t i o n s  
m igh t b e  due to  t h e  r e l a t i v e  amounts o f  t h e s e  two p r e s e n t  i n  
t h e  p a r e n t  s u b s t a n c e .  T h is  i s  s u p p o r te d  by  t h e  work o f  
Hahn ( 1 9 4 3 ) ,  Rogers ( 1 9 4 6 , 1 9 4 8 ) ,  M a d in a v ie t ia ,  Todd,
Bacharach and Chance ( 1 9 4 0 ) ,  Meyer ( 1 950)  and Dorfmann ( 1 9 5 0 ) .
The c o n ta m in a t io n  o f  t h e  e a r l i e r  t e s t i c a l  p r e p a r a t io n s  
w ith  o t h e r  enzymes (M eyer and L in k e r ,  1 9 5 1 )  h a s  now b e e n  
e l i m i n a t e d .  M *Cullagh, C a s s id y ,  V a l e n t i n e ,  and T o lk s d o r f
( 1 9 4 9 ) p r o v id e  in f o r m a t io n  on th e  s t a b i l i t y  and 
s t a b i l i s a t i o n  o f  t e s t i c u l a r  h y a l u r o n i d a s e .
The a c t i o n  o f  h y a lu r o n id a s e  i s  known to  i n c r e a s e  th e  
p e r m e a b i l i t y  o f  c o n n e c t i v e  t i s s u e s  when t h e  enzyme i s  
a p p l i e d  l o c a l l y  ( S e i f t e r ,  B a e d e r ,  and B e r v i n i s ,  1949;  
D u r a n -R e y n a ls ,  B u n tin g  and Wagenen, 1950; S p r u n t , 1950)  
and i t  h a s  b e e n  s u g g e s t e d  ( s e e  s e c t i o n  ( c ) ) t h a t  t h i s  
f u n c t i o n  i s  r e q u ir e d  t o  a l l o w  r a p id  p e n e t r a t i o n  o f  c e l l s  
i n  a c t i v e l y  grow in g  t i s s u e .
( c ) The e f f e c t  o f  h y a l u r o n i d a s e  on gro w in g  c o n n e c t i v e  
t i s s u e .
H y a lu r o n id a s e  i s  p r e s e n t  i n  p h y s i o l o g i c a l  r e s t i n g  a k in  
(M eyer and C h a f f e e ,  1941; M eyer, 1947; D ay, 1 9 47*)  where  
i t s  f u n c t i o n  i s  p r o b a b ly  to  remove th e  h y a lu r o n ic  a c i d  from  
t h e  s u r f a c e  o f  n e w ly  form ed c o l l a g e n  f i b r e s  and p erm it  i t s  
r e p la c e m e n t  by  c h o n d r o i t i n  s u l p h a t e - C . Bens l e y  ( 1950)  
has shown t h a t  i n j e c t i o n  o f  h y a lu r o n id a s e  i n t o  r e s t i n g  
c o n n e c t i v e  t i s s u e  c a u s e s  a p r o l i f e r a t i o n  o f  f i b r o b l a s t s .
In  a c t i v e l y  grow in g  c o n n e c t i v e  t i s s u e  i t s  f u n c t i o n  i s  
p r o b a b ly  to  d e p o ly m e r iz e  t h e  ground s u b s t a n c e  and p erm it  
e a sy  p e n e t r a t i o n  and th u s  r a p id  grow th o f  t h e  o r g a n i s i n g  
t i s s u e  by  b lo o d  v e s s e l s  and f i b r o b l a s t s ,  i n  th e  e a r ly  
s t a g e s . I t s  r e d u c t io n  i n  amount c a u s e s  c o n s o l i d a t i o n  i n  
th e  l a t e r  s t a g e s  a n d  p e r m its  th e  h y a lu r o n ic  a c i d  rem oval  
from th e  s u r f a c e  o f  th e  new f i b r e s .
G-ersh and C a tc h p o le  ( 1 949)  h a v e  shown t h a t  f i b r o b l a s t s
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c o n t a i n  g r a n u le s  w hich  may h e  t h e  p r e c u r s o r s  o f  t h e  
ground s u b s t a n c e  o f  c o n n e c t i v e  t i s s u e .  They s t a t e  t h a t  
i n  r a p i d l y  g ro w in g  t i s s u e s  t h e  ground s u b s t a n c e  ch a n g es  
from  a w ater  i n s o l u b l e  to  a w a ter  s o l u b l e  compound and 
t h e  f i b r o b l a s t s  p r e s e n t  a r e  r i c h  i n  g r a n u l e s .  In  
r e s t i n g  t i s s u e s  t h e y  s u g g e s t  t h a t  t h e r e  i s  a c o n s t a n t  
d e p o ly m e r iz a t io n  and rem o v a l i n t o  th e  bl&od s t r e a m ,  o f  p a r t  
o f  gshe ground s u b s t a n c e ,  and t h i s  i s  r e p la c e d  b y  s e c r e t i o n  
from  f i b r o b l a s t s  • I n  v e r y  a c t i v e l y  grow in g  c o n n e c t i v e  
t i s s u e s  t h e y  s u g g e s t  t h a t  t h i s  m echanism  i s  i n c r e a s e d .
I t  h a s  b e e n  s u g g e s t e d  ( D u ran -R eyn a ls  and S t e w a r t ,
19 31 ;  Boy la n d  and McLean, 1935; and McCutcheon and Coman,
1 9 4 7 . )  t h a t  h y a l u r o n i d a s e  a c t i o n  p l a y s  a p a r t  i n  t h e  r a p i d l y  
i n v a s i v e  a c t i o n  o f  c e r t a i n  tumours and t h i s  i s  s u p p o r te d  
by t h e  f a c t  t h a t  w a ter  s o l u b l e  a l c o h o l  i n s o l u b l e  m ucopoly­
s a c c h a r i d e s ,  s i m i l a r  to  t h e  breakdown p r o d u c ts  o f  ground  
s u b s t a n c e ,  a r e  p r e s e n t  i n  l a r g e  amounts i n  t h e  c i r c u l a t i n g  
b lo o d  o f  p a t i e n t s  h a v in g  c e r t a i n  tu m o u rs . ( S i e b e r t  e t  a l ,  
1947; W in z le r ,  D e v o r ,  Mehl and Sm yth, 1 9 4 8 ) .  I n  r e l a t i o n  
to  t h i s  i t  h as  b e e n  n o t i c e d  t h a t  t h e  r a p id  p a s s a g e  o f  
i n t r a v i t a l  d y e s ,  i n t o  r e g io n s  o f  in f la m m a t io n  and tumour 
f o r m a t io n  (D u r a n -R e y n a ls ,  1 939;  M enkin, 1940; Cope and  
Marrow, 1 9 4 3 )  may b e  an  i n d i c a t i o n  o f  d e p o ly m e r iz a t io n  o f  
t h e  ground s u b s t a n c e  ( G-ersh and C a tc h p o le ,  1 9 4 9 )*
B ec a u se  o f  t h i s  r e l a t i o n s h i p  b e tw e e n  h y a lu r o n id a s e  
and r a p id  grow th  o f  t i s s u e s  i t  was d e c id e d  t o  s t u d y  t h e  
e f f e c t  o f  p u t t i n g  h y a lu r o n id a s e  i n t o  a c t i v e l y  g ro w in g
. ( 7 )
c o n n e c t iv e  t i s s u e  to  s e e  i f  i t  cau sed  more ra p id  grow th .
I t  thus migiit produce more r a p id  h e a l in g  o f  wounds and 
thus show th a t  r a p id  fo rm a tio n  o f  l o o s e  t i s s u e s  produced  
a l e s s  dense  g r a n u la t io n  t i s s u e  and thus a s o f t e r  s c a r .
The term g r a n u la t io n  t i s s u e  was o r i g i n a l l y  a p p l ie d  to  
th e  d e e p -re d  t i s s u e  o f  somewhat g ra n u la r  a s p e c t ,  s e e n  in  
th e  f lo o ir  o f  a h e a l in g  u l c e r .  Such t i s s u e  i s  c o m p a r a t iv e ly  
c e l l u l a r  and very  r ic h  i n  young "blood v e s s e l s ,  and the  term; 
i s  now a p p l ie d  to  any new ly  formed t i s s u e  w ith  t h e s e  
c h a r a c t e r s .  The r e p a ir  o f  a gap in  th e  s k in  s u r f a c e ,  
how ever , p rodu ced , or o f  a wound which has f a i l e d  to  u n i t e  
"by prim ary u n ion  i s  a f f e c t e d  "by th e  growth o f  g r a n u la t io n  
t i s s u e  from th e  deeper p a r t s .  In  th e  f l o o r  o f  th e  wound 
th e r e  i s  an a c t i v e  fo rm a tio n  o f  new c a p i l l a r i e s  from th e  
p r e - e x i s t i n g  "blood v e s s e l s  i n  th e  manner a lr e a d y  d e s c r ib e d ,  
and th e y  grow upwards as v a sc u la r  lo op s  a t  r ig h t  a n g le s  
to  th e  s u r f a c e ;  a t  t h e i r  upper e x tr e m ity  th ey  o f t e n  have a 
c o i l e d  arran gem en ts. A long w ith  them th e r e  grow a la r g e  
number o f  f i b r o b l a s t s  which a r e  a t  f i r s t  m ain ly  arranged  
p a r a l l e l  to  th e  new c a p i l l a r i e s .  A c t iv e  em ig ra t io n  o f  
l e u c o c y t e s ,  c h i e f l y  p o lym orp h o-n u c lear , ta k es  p la c e  from th e  
new c a p i l l a r i e s ,  e s p e c i a l l y  i n  t h e i r  upper p a r t ,  and t h e s e  
c e l l s  p a ss  to  th e  s u r f a c e ,  where th e y  p la y  an im portant p art  
i n  c h eck in g  th e  growth o f  b a c t e r i a ,  and thus in  th e  h e a l in g  
o f  th e  wound.
v
The growth o f  th e  V ascu lar  t i s s u e  i s  d i r e c t e d  to f i l l i n g  
up th e  gap, and when t h i s  p r o c e ss  has gone on f o r  some t im e ,
( 8 )
t h e  f i b r o b l a s t s  i n  th e  d e e p e r  p a r t  a r r a n g e  t  herns e l v e s  more 
or l e s s  p a r a l l e l  t o  t h e  s u r f a c e ,  t h a t  i s ,  a t  r i g h t  a n g le s  to  
t h e  v e s s e l s ,  and c o l l a g e n  f i b r i l s  a p p ear  b e tw e e n  them .
As t h e y  m ature  t h e y  c o n t r a c t  m ark ed ly  and th e r e b y  r e d u ce  
th e  s u r f a c e  a r e a  o f  th e  wound w hich  has to  b e  e p i t h e l i a l l s e d .  
When t h e  gap has b e e n  s u f f i c i e n t l y  f i l l e d  u p ,  th e  c e l l s  o f  
t h e  e p i t h e l i u m  a t  th e  m argin  b e g in  t o  p r o l i f e r a t e  and grow  
o v e r  t h e  young v a s c u la r  t j s s u e .  When t h e  young t i s s u e  has  
b e e n  c o v e r e d  by e p i t h e l i u m ,  t h e  grow th  o f  b lo o d  vessdls comes 
t o  an end , and a p r o c e s s  o f  o b l i t e r a t i o n  o f  th e  new v e s s e l s ,  
or d e v a s c u l a r i s a t i o n ,  s e t s  i n .  ‘T h is  i s  accom panied  b y  th e  
fo r m a t io n  o f  abundant c o l l a g e n  f i b r e s  w hich  g r a d u a l ly  
become o r i e n t a t e d  a lo n g  th e  l i n e s  o f  s t r e s s ,  and u l t i m a t e l y  
t h e  t i s s u e  becom es d e n se  and f i b r o u s ,  and i s  c o m p a r a t iv e ly  
a v a s c u l a r .  T h is  forms t h e  f w h i t e 1 s c a r  t i s s u e .
( d )  M a t e r ia l s  and M eth o d s .
( i )  P r o d u c t io n  o f  w ounds. S ta n d a rd  wounds were  
p rod u ced  i n  t h e  n e c k s  o f  b la c k  and w h ite  r a t s  u s in g  t h e  
method o f  H u tch eson  ( I 9 f;3) • T h is  e n t a i l e d  making a s m a l l  
i n c i s i o n  i n t o  th e  s k i n  and su b c u ta n e o u s  t i s s u e s  i n  t h e  
m id l in e  o f  th e  nape o f  t h e  n e c k  and i n s e r t i n g  a s m a l l  
s t e r i l e  cup o f  c e l l u l o i d - l i k e  p l a s t i c  i n t o  t h e  wound. T h ese  
c u p s , prod u ced  by  th e  V i s c o s e  d eve lop m ent company, a r e  o f  a 
s ta n d a r d  s i z e .  They were p rep a red  as d e s c r ib e d  b y  H u tc h e so n .  
They were p lu g g ed  w ith  c o t t o n  w ool and h e ld  i n  p l a c e  i n  t h e  
wound b y  s t i t c h e s  on e i t h e r  s i d e ,  w hich  a l s o  h e lp  t o  c l o s e
( 9 )
t h e  wound. With p r a c t i c e  t h e  cups can  h e  i n s e r t e d  
e a s i l y  and f i r m l y  and a f t e r  t h e  r a t s  h a v e  r e c o v e r e d  from  
th e  a n a e s t h e t i c ,  g i v e n  t o  them d u r in g  t h e  o p e r a t i o n ,  th e y  
ca n n o t  remove them b e c a u s e  o f  t h e  p o s i t i o n  o f  t h e  wound. 
E v e n t u a l l y ,  i f  no m ishap o c c u r s ,  t h e  cups w i11 b e  pushed  
out o f  t h e  wound by  th e  g r a n u l a t i n g  t i s s u e .  S t r i c t  a s e p t i c  
c o n d i t i o n s  m ust b e  o b se r v e d  as  i n f e c t i o n ,  a p a r t  from any  
g e n e r a l  e f f e c t ,  w i l l  in t r o d u c e  a s o u r c e  o f  h y a lu r o n id a s e  
l o c a l l y  w hich  w i l l  i n v a l i d a t e  th e  e x p e r im e n t .
( i i )  I n s e r t i o n  o f  h y a l u r o n i d a s e .  T h is  method o f  s ta n d a r d  
wound p r o d u c t io n  was o r i g i n a l l y  d e s ig n e d  to  p e r m it  s tu d y  o f  
th e  e f f e c t  o f  v a r io u s  c h e m o th e r a p e u t ic  a g e n t s  on g r a n u la t in g  
t i s s u e .  T h ese  a g e n t s  w ere a p p l i e d  by d r o p p in g  a s o l u t i o n  
o f  them i n t o  t h e  c o t t o n  w oo l p lu g  i n  t h e  c e n t r e  o f  th e  cup 
and l e t t i n g  them d i f f u s e  th rou gh  t h e  sem iperm ea'b le  w a l l .
I n  t h i s  c a s e  th e  l a r g e  m o le c u la r  w e ig h t  (unknown b u t  h ig h )  
would p r e v e n t  th e  d i f f u s i o n  and th u s  an a l t e r n a t i v e  had to  
b e u s e d .  The method c h o s e n  was v e r y  s lo w  in tr a d e r m a l  
i n j e c t i o n  o f  th e  s o l u t i o n  a t  a d e f j n j t e  p o s i t i o n  i n  t h e  
wound a r e a .
( i i i )  H y a lu r o n id a se  u s e d .  H y a la se  (B e n g e r )  a t e s t i c u l a r  
e x t r a c t  o f  h y a lu r o n id a s e ,  was u s e d .  300 u n i t s  o f  t h i s  
p r e p a r a t io n  were i n j e c t e d  i n t o  t h e  wound a r e a  a s  d e s c r i b e d .  
C o n tr o l  s o l u t i o n s  were p r e p a r e d  b y  h e a t i n g  a c t i v e  s o l u t i o n s  
a t  8 0 Oq . f o r  20 m in u t e s .
( 1 0 )
( i v )  Method o f  c a r r y in g  th ro u g h  t h e  e x p e r im e n t .  Ten 
m ale  b l a c k  and w h i t e  r a t s  o f  a p p r o x im a te ly  t h e  same s i z e  
and a g e  w ere w e ig h ed  b e f o r e  th e  e x p er im en t  s t a r t e d  and 
t h e n  each  was r e w e ig h e d  a g a in  b e f o r e  b e in g  k i l l e d .  ( T a b le  1 . )  
A l l  o f  them w ere o p e r a te d  upon a s  d e s c r ib e d  a b ove  and one  
h a l f  r e c e i v e d  h y a lu r o n id a s e  and th e  o th e r  h a l f  r e c e i v e d  
i n a c t i v a t e d  h y a l u r o n i d a s e .  The i n j e c t i o n s  were g iv e n  
im m e d ia te ly  a f t e r  t h e  o p e r a t io n  and e v e r y  two days t h e r e ­
a f t e r  e x c e p t  on t h e  day on w hich  t h e  a n im a l was k i l l e d .
A r a t ,  from  each  s e r i e s ,  was k i l l e d  and t h e  wound a r e a  
d i s s e c t e d  o u t  f o r  e x a m in a t io n  e v e r y  s e c o n d  day a f t e r  Mie 
o p e r a t i o n .  Thus a s e r i e s  o f  p r a c t i c a l l y  i d e n t i c a l l y  
p rod u ced  wounds, v a r y in g  i n  a g e ,  b y  two day i n t e r v a l s  
from 2 t o  10 days o ld  was o b t a in e d .
A s e c o n d  s e r i e s  was c a r r i e d  o u t  w ith  s i x t e e n  m ale  
b l a c k  and w h i t e  r a t s  o f  t h e  same a g e  and s i z e  ( t a b l e . 2 . )
T h ese  w ere i n j e c t e d  each  day and o n e  from each  s e r i e s  was 
k i l l e d  each  d a y .  Thus a s e r i e s  o f  t r e a t e d  and c o n t r o l l e d  
wounds was o b t a in e d  v a r y in g ,  b y  1 day i n t e r v a l s ,  from 1 -  
10 days o l d .
Wounds w ere exam ined each day f o r  i n f e c t i o n .
The r a t s  'were k e p t  i n  i n d i v i d u a l  c a g e s  and w ere f e d  w ith  
a s t o c k  d i e t .
( v )  H i s t o l o g i c a l  methods u s e d .  As to u g h  g r a n u l a t i n g  
t i s s u e  was b e in g  u se d  t h e  wounds w ere f i x e d  i n  12% n e u t r a l
( 1 1 )
f o r m a l in  and c a r r i e d  throu gh  h y  a p h e n o l  and m e th y l  
b e n z o a t e  m ethod ( A p p e n d ix .1 . )  i n  o r d e r  t o  p r e v e n t  undue  
h a r d e n in g  o f  th e  t i s s u e .
The f o l l o w i n g  s t a i n i n g  t e c h n iq u e s  w ere  u se d  
(A p p e n d ix .  2 . )
Haemalum and E o s in .
M a llo ry .
i
W e ig e r V s  e l a s t i c a .
Gordon and S w e e t1 s  r e t i c u l u m .
P e r i o d i c  a c i d - S c h i f f .
T o l u i d i n  b l u e .
S e c t i o n s  from  each  b l o c k  a t  v a r io u s  l e v e l s  i n  t h e  b lo c k  
were c a r r i e d  th ro u g h  t h e s e  m ethods and w ere d e h y d r a te d  i n  
e t h a n o l ,  c l e a r e d  i n  x y l o l  and mounted i n  D .P .X .
( e ) R e s u l t s  .
D ep en d in g  on th e  a g e  o f  t h e  wound b e i n g  exam ined  
and i r r e s p e c t i v e  o f  i t s  t r e a tm e n t  t h e r e  were d i f f e r e n c e s  i n  
t h e  amount o f  g r a n u l a t i o n  t i s s u e  fo r m e d . T h is  v a r i a t i o n  
c o r r e sp o n d e d  t o  th e  norm al p r o c e s s  o f  g r a n u l a t i o n  d e s c r ib e d  
a b o v e .  W ith t h e  W e ig e r t ,  P e r i o d i c  am§. a c i d - S c h i f f  and  
T o l u i d i n  b l u e  m ethods no d i f f e r e n c e  c o u ld  b e  d e t e c t e d  b e tw e e n  
t h e  wounds t r e a t e d  w ith  a c t i v e  h y a lu r o n id a s e  and th e  c o n t r o l s .  
I n  t h e  Haemalum ana. Eos i n ,  M a l lo r y ,  and R et icu lu m  m ethods  
t h e r e  d id  appear t o  b e  a d i f f e r e n c e .
The t r e a t e d  wounds show ed a te n d e n c y  f o r  t h e
(12)
advan cin g  g r a n u la t io n  t i s s u e  m argin t o  have an i n f i l t r a t i n g  
ap p ea ra n ce . The f i b r o b l a s t s  in s t e a d  o f  advan cin g  i n  a 
compact l i n e ,  as i n  th e  c o n t r o l  wounds, appeared to send  
out ' s c o u t s '  in t o  th e  s u r f a c e  sero u s  exudate  which was 
b e in g  o r g a n is e d ,  ( f i g s .  1 -  1+) •
In  th e  r e t ic u lu m  s e r i e s  t h e r e  were obvious  
d i f f e r e n c e s  betw een  th e  two ty p es  o f  o ld e r  wounds. In  
th e  c o n t r o l  s e r i e s  th e  r e t ic u lu m  assumed a more compact 
arrangement and the  in d iv i d u a l  bu nd les appeared t h ic k e r  and 
seemed to  be composed o f  numerous sm a l le r  f i b r e s  l y in g  s i d e  
by s i d e .  T rea ted  wounds had a v e ry  d i f f u s e  form o f  
r e t ic u lu m  which appeared to  c o n s i s t  o f  an i r r e g u la r  
arrangement o f  fragm ented i n d iv id u a l  f i b r e s ,  ( f i g s .  5 - 8 ) .
The i l l u s t r a t i o n s  a r e  c h a r a c t e r i s t i c  o f  d i f f e r e n t  
s t a g e s  in  b o th  s e r i e s .  There i s  apparent f i b r o b l a s t i c  
in v a s iv e n e s s  i n  th e  e a r ly  s t a g e s  and a la c k  o f  c o n s o l i d a t i o n  
o f  r e t ic u lu m  i n  t h e  l a t e  s t a g e s  o f  t h e  t r e a t e d  wounds.
( f )  D i s c u s s i o n .
The r e l a t i o n s h i p  betw een  h y a lu r o n ic  a c id  and 
h y a lu ro n id a se  has a lr e a d y  b een  d i s c u s s e d  and i t  has been  
s t a t e d  th a t  i n j e c t i o n  o f  h y a lu r o n id a se  in t o  r e s t i n g  
c o n n e c t iv e  t i s s u e  ca u se s  a p r o l i f e r a t i o n  o f  th e  f i b r o b l a s t s  
p r e s e n t  ( B e n s l e y ,  1 9 5 0 ) .  G-ersh and C atchp ole  (191+9) 
d is c u s s  the v a r ia t i o n  in  th e  o r g a n is a t io n  o f  ground 
su b s ta n c e  i n  r e l a t i o n  t o  f i b r o b h s t i c  a c t i v i t y  and show 
th a t  th e r e  i s  an in te r d e p e n d e n c e .
(13)
Now i t  i s  known (B a k e r  and W h it ta k e r ,  1914.9 ;
B ak er , I n g l e ,  L i ,  and E van s , 19^8; Ragan, Howes, P l o t z ,  
M eyer, and B l u n t ,  19^9; Gas t o r  and B a k er ,  1950; Baker  
and W h it ta k e r ,  1950; O p sa h l ,  W hite  and D u r a n -R e y n a ls ,
1950; P i r a n i ,  1 9 5 1 . )  t h a t  a d r e n a l  c o r t i c a l  s t e r i o d s  h a v e  
an i n h i b i t o r y  e f f e c t  on t h e  fo r m a t io n  o f  c o n n e c t i v e  t i s s u e  
and s t o p  i n v a s i o n  o f  t h e  t i s s u e  b y  f i b r o b l a s t s .  I t  i s  
a l s o  known ( L a y t o n ,  I9 2 I )  t h a t  c o r t i s o n e  h a s  a r e t a r d in g  
e f f e c t  upon c h o n d r o i t i n  s u l p h a t e  s y n t h e s i s  and t h a t  a d r e n a l  
c o r t i c o s t e r o i d s  r e d u c e  c a p i l l a r y  p e r m e a b i l i t y .  (M en k in ,
I 9 I+O; S e i f t e r  e t  a l ,  19^49; O p sa h l e t  a l ,  1 9 5 0 . )
Thus t h e  o v e r a l l  e f f e c t  o f  c o r t i c o s t e r o i d s  i s  t o  
r e d u c e  t h e  p r o d u c t io n  o f  new c o n n e c t i v e  t i s s u e .  B e n d i t t ,  
S c h i l l e r ,  Wong and Borfm an, ( 1 9 5 0 )  s u g g e s t  t h a t  a d r e n o -  
c o r t i c o s t e r o i d s  p ro d u ce  t h i s  e f f e c t  i n d i r e c t l y  by  a c t i n g  
through  an i n t e r m e d i a t e .
Now h y a lu r o n id a s e  i s  i n h i b i t e d  i n  v iv o  by
a d r e n o c o r i c o s t e r o i d s  ( S e i f t e r  e t  a l ,  19^9; Shuman and
E i n e s t o n e ,  1950; O psah l e t  a l ,  1950; B e n d i t t  e t  a l ,  1 9 5 0 ) .
Thus i t  i s  p o s s i b l e  t h a t  a d r e n o c o r t i c o i d s  may b e  r e s p o n s i b l e
f o r  d e la y  i n  wound h e a l i n g  under c o n d i t i o n s  o f  sh o c k  where
t h e r e  i s  a lw ays  an e x c e s s  o f  c i r c u l a t i n g  a d r e n o c o r t i c o i d s ,
( S e l y e ,  I9 I4.7 ) ,  b e c a u s e  o f  t h e i r  d e p r e s s a n t  e f f e c t  on
fo r m a t io n  o f  new c o n n e c t i v e  t i s s u e .  They may b e  p r o d u c in g
t h i s  e f f e c t  by  i n h i b i t i o n  o f  h y a lu r o n id a s e  ( S e i f t e r  e t  a l ,
I9 1+9 ) which n o r m a lly  lo o s e n s  ground s u b s t a n c e ,  i n c r e a s e s
( 1U)
c a p i l l a r y  perm eabi l i t y  and c a u s e s  f i b r o b l a s t i c  p r o l i f e r a t i o n ,  
a l l  o f  w h ich  p ro d u ce  a l o o s e  a c t i v e l y  g ro w in g  ty p e  o f  
c o n n e c t i v e  t i s s u e .
By g i v i n g  h y a lu r o n id a s e  to t h e  r a t s  i n  t h i s  
e x p er im en t  i t  was hoped t h a t  th e  c o n n e c t i v e  t i s s u e  
d e p r e s s a n t  e f f e c t  o f  th e  a d r e n o c o r t i c o l d s , r e l e a s e d  d u r in g  
th e  s t r e s s  p ro d u ced  d u r in g  and a f t e r  t h e  o p e r a t i o n ,  would  
h e o v erco m e. T h is  would t h e n  c a u s e  more f i b r o b l a s t i c  
p r o l i f e r a t i o n ,  l o o s e n  ground s u b s t a n c e ,  and i n c r e a s e  c a p i l l a r y  
p e r m e a b i l i t y  and p ro d u ce  more r a p id  h e a l i n g  w ith  a l o o s e r  
more p l i a b l e  s c a r . .
The ex p er im en t shows t h a t  t h e r e  i s  a more d i f f u s e  
and w id e sp r e a d  i n f i l t r a t i o n  o f  f i b r o b l a s t s  i n t o  t h e  s e r o u s  
ex u d a te  b e i n g  o r g a n is e d  and t h a t  th e  r e t i c u l i n  form ed i n  t h e  
g r a n u l a t i o n  t i s s u e  i s  o f  a f i n e r  and l o o s e r  t y p e .  T h is  
l a t t e r  e f f e c t  may b e  due to  t h e  p e r s i s t e n t  i n j e c t i o n s  
c a u s in g  a c o n t in u e d  f i b r o b l a s t i c  s t i m u l a t i o n  th u s  p r e v e n t in g  
c o n s o l i d a t i o n ,  b e c a u s e  th e  f i b r e s  w ere n o t  a l lo w e d  to  m ature#  
The ex p er im en t  was i n c o n c l u s i v e  however f o r  th e  
f o l l o w i n g  r e a s o n s .
( a )  P h y s i o l o g i c a l .
I t  would b e  n e c e s s a r y  to  s t u d y  t h e  e f f e c t  o f  a s i n g l e  
i n j e c t i o n  im m e d ia te ly  a f t e r  wound f o r m a t io n ,  s i n c e  t h i s  
m ight p ro d u ce  i i i t i a l  f i b r o b l a s t i c  i n f i l t r a t i o n  and th e n  
p e r m it  q u ic k e r  c o n s o l i d a t i o n .  The g u e s t i o n  o f  t h e  d i f f e r e n t  
h y a lu r o n id a s e  h a v in g  d i f f e r e n t  e f f e c t s  w ould a l s o  req u ire  t o
(15)
b e  i n v e s t i g a t e d ,  and th e  r e l a t i o n s h i p  betw een  them and 
l o c a l  and p a r e n t e r a l  a d m in is t r a t io n  o f  a d r e n o c o r t ic o id s  
would a l s o  have  t o  be  c l a r i f i e d .
( b )  T e c h n ic a l .
I t  was hoped t h a t  th e  P .A .S . and t o l u i d i n  b lu e  
te c h n iq u e s  would g iv e  some in fo r m a tio n  r e g a r d in g  v a r ia t io n s  
i n  h y a lu r o n ic  a c id  and c h o n d r o i t in  s u lp h a te  i n  th e  ground  
s u b s ta n c e  produced by th e  e x p er im en t . Very l i t t l e  
r e a c t i o n  was ob served  i n  th e  ground s u b s ta n c e  a t  any tim e  
w ith  t h e s e  tec h n iq u es  and i t  was d e c id ed  t h a t  t h i s  la c k  
o f  r e a c t io n  may have  been  due to
( i )  l o s s  o f  'these m a te r ia ls  during  f i x a t i o n  and 
su b seq u en t m ethods.
( i i )  la c k  o f  s e n s i t i v i t y  o f  th e  methods u s e d .
C on sequ en tly  i t  was d e c id ed  th a t  i f  any u s e f u l  
in fo r m a tio n  was to  be g lea n ed  about th e  b eh av iou r  o f  t h e s e  
su b s ta n c e s  i n  c o n n e c t iv e  t i s s u e s  r e l i a b l e  tec h n iq u es  would 
have to be found and u s e d .  Thus th e  th e o ry  and tech n iq u e  
o f  h i s to c h e m ic a l  i d e n t i f i c a t i o n  o f  t i s s u e  p o ly s a c c h a r id e s  
and o f  t i s s u e  p r e p a r a t io n  was en tered  in t o  i n  some d e t a i l  
and th e  r e s u l t s  o f  th a t  i n v e s t i g a t i o n  a re  r ep o r ted  i n  th e  
r e s t  o f  t h i s  t h e s i s .  The u s e  o f  t h e s e  new methods 
e n t a i l e d  a d ep artu re  from c o n v e n t io n a l  h i s t o l o g y  and I have  
o u t l in e d  the j u s t i f i c a t i o n  o f  t h i s  in  p a r t  I I  o f  the  t h e s i s .
(16)
I I .
HISTORICAL IHTKODPCTIOH TO DYNAMIC HISTOLOGY.
( 1 7 ) .
A lth o u g h  t h e  m a g n ify in g  p r o p e r t i e s  o f  l e n s e s  
h a v e  "been known s i n c e  t h e  t im e s  o f  th e  a n c i e n t  E g y p t ia n s  
i t  was n o t  u n t i l  B o r e l l u s  o f  P i s a ,  i n  1 6 5 6 ,  made some 
o b s e r v a t io n s  on pus c o r p u s c l e s ,  t h a t  any form  o f  m ic r o sc o p e  
was use"  i n  ex a m in in g  th e  t i s s u e s  o f  h ig h e r  a n im a ls*
F u r th e r  o b s e r v a t i o n s  on b lo o d  c o r p u s c le s  w ere made by Swammer- 
damm ( 1658)>  and on t h e  c i r c u l a t i o n  and t h e  m in u te  s t r u c t u r e  
o f  many t i s s u e s  by  M a lp ig h i  ( 1 6 8 6 ) .  Leeuwenhoek (1672+) 
made many o b s e r v a t io n s  on m ic r o s t r u c t u r e  and i s  p r o b a b ly  
t h e  b e s t  known o f  e a r l y  m i c r o s c o p i s t s  .
The o b s e r v a t io n s  o f  t h e s e  e a r l y  i n v e s t i g a t o r s  
w ere c o n c e r n e d  w ith  f u n c t i o n  and one i s  c o n s t a n t l y  s t r u c k ,  
in  r e a d in g  t h e i r  r e p o r t s ,  w ith  th e  dynamic approach  to  
m orphology  a d o p te d  b y  them and t h e i r  im m ediate  s u c c e s s o r s *  
Oameron ( 1 9 5 2 )  p r e s e n t s  and e x c e l l e n t  r e v ie w  o f  e a r l y  
m ic r o sc o p y  and h i s t o l o g y  and i n  i t  h e  o u t l i n e s  th e  work o f  
t h e s e  f i r s t  in v e s t ig a to r s  and shows how t h e i r  l i v i n g  approach  
l e d  f i r s t  t o  t h e  f o r m u la t io n  o f  t h e  c e l l  th e o r y  and th e n  
to  th e  c l a s s i f i c a t i o n  o f  th e  t i s s u e s  and o r g a n s .  T h is  
c l a s s i f i c a t i o n  p rod u ced  t h e  s c i e n c e  o f  m o r p h o lo g ic a l  h i t o l o g y  
and i t  i s  t o  Schwann (182+7) and V irchow  ( I 8 6 0 )  t h a t  we owe 
a d eb t  f o r  t h i s  w ork.
Leeuwenhoek was t h e  f i r s t  p e r s o n  a c t u a l l y  to  s t a i n  
t i s s u e  when h e  d e s c r i b e d ,  i n  1 1  Ik 9 th e  c o l o u r i n g  o f  m u sc le  
f i b r e s  w i th  s a f f r o n .  V ie u s s e n s  (1682+) and Magnol ( I 7O9 )
(X8)
had u s e d  c o lo u r e d  i n j e c t i o n s  t o  o u t l i n e  v e s s e l s  b u t  t h i s  
c a n n o t  r e a l l y  h e  c o n s i d e r e d  s t a i n i n g .  Lew is (191+2) h a s  
p r o d u c e d  a n  e x c e l l e n t  a c c o u n t  o f  a l l  t h e  e a r l y  s t a i n i n g  
m ethods and p e r u s a l  o f  i t  w i l l  show how t h i s  f i r s t  m eth o d  
l e d  t o  t h e  d e v e lo p m e n t  o f  s t a i n i n g  w i t h  n a t u r a l  d y e s  s u c h  
as madder ( B e l c h i e r ,  1 7 3 6 ) ,  p e rn a m h u c o  wood ( R i e c h e l ,  1738)# 
carm ine ( G H eichen, 1778) a n d  logw ood ( K n i g h t ,  1803) •
I t  was a l s o  n o t e d  a t  t h i s  t im e  t h a t  o n l y  d e a d  
t i s s u e s  would s t a i n  a n d  t h a t  a lu m  c o u l d  h e  u s e d  a s  a 
mordant t o  im p ro v e  s t a i n i n g  ( G o t t a ,  1 8 0 6 ) .  Thus t h e  
r e l a t i o n s h i p  b e tw e e n  f i x a t i o n  and good  s t a i n i n g  was e s t a b l i s h  
e d .
D u r in g  t h i s  t im e  and i n  t h e  e n s u in g  y e a r s  many 
n a t u r a l  d yes  were u s e d  i n  i d e n t i f y i n g  a n d  c l a s s i f y i n g  
s t r u c t u r e s  b u t  t h e  r e a l  era  o f  m o r p h o lo g ic a l  h i s t o l o g y  was 
n o t  embarked upon u n t i l  a n i l i n  d yes  w e re  i n t r o d u c e d  a s  
s t a i n s  *
S h o r t ly  a f t e r  P e r k i n  i s o l a t e d  1 m auve1 , Bencke  
in tr o d u c e d  1 l i l a c  a n i l i n 1 , w hich  was p r o b a b ly  ' th e  sam e d y e ,  
as a h i l t o l o g i c a l  s t a i n  i n  1 8 5 6 .  O th er d yes  s u c h  a s  
r o s a n i l i n ,  p a r i s  b l u e ,  and a n i l i n  ( W ald eyer , 1 8 6 3 ) ,  f u c h s i n  
(O nim us, 1 8 6 5 ) ,  parrne ( F r e y ,  1 8 6 8 ) ,  d a y l i a  ( Z u p in g e r , 1574) 
and s u b s e q u e n t ly  many o t h e r s  w ere i n t r o d u c e d .  Conn ( 1 9 4 8 )  
r e v ie w s  th e  l i t e r a t u r e  e x t e n s i v e l y  and. h a s  p l a c e d  t h e  
i n t r o d u c t i o n  and d ev e lo p m en t o f  th e  u s e  o f  t h e s e  s y n t h e t i c
( 1 9 )
d yes  i n  t h e i r  proper* p e r s p e c t i v e .
I n t e r e s t i n g  pub  l i e  a t  i o n s  w e re  t h o s e  o f  C o m il  ( 1875) 
on raetachromas ia ,  S ch w artz  ( 1 8 6 ? )  on  d o u b le  s t a i n i n g ,
E h r l ic h  ( 1 8 7 9 )  on t h e  d i f f e r e n c e  b e tw e e n  a c i d  and b a s i c  
d y e s , and Van Q-ieson ( 1889) on  t r i p l e  s t a i n i n g .  The 
d ev e lo p m en t o f  t h e s e  and  many o t h e r  t e c h n iq u e s  o f  a  s i m i l a r  
n a t u r e  l e d  t o  t h e  a p p e a r a n c e  o f  a l a r g e  number o f  p u b l i c a t i o n s  
on m o rp h o lo g i c a 1 o b s e r v a t  i o n s •
W h ile  t h e s e  in v e s t ig a t io n s  i n t o  th e  u s e  o f  s t a i n s  
w ere p r o g r e s s i n g  W a l th e r  I1 lemming ( 1 882)  was c a r r y i n g  o u t  h i s  
r e s e a r c h e s  i n t o  t h e  e f f e c t  o f  f i x a t i v e s  on s t r u c t u r e  an d  
s t a i n i n g  r e a c t i o n s *  B a k e r  ( 1 9 4 5 )  i n  h i s  e x c e l l e n t  b o o k  on  
c y t o lo g ic a l  t e c h n iq u e  r e v ie w s  some o f  t h i s  e a r l i e r  w ork  which  
l e d  t o  t h e  a p p e a r a n c e  o f  th e  l a r g e  num ber o f  f i x a t i v e  now i n  
u s e .  Among t h e s e  a r e  t h e  i n v e s t i g a t i o n s  o f  F i s c h e r  ( 1 8 9 7 ,  
1899) w hich  p o i n t e d  out t h e  g r e a t  v a r i a t i o n  i n  appearance  
t h a t  c o u ld  b e  p rod u ced  by t h e  u s e  o f  d i f f e r e n t  f i x a t i v e ® .
Com bined i n v e s t i g a t i o n s  u s i n g  t h e  d i f f e r e n t  f i x a t i v e s  
and s t a i n s  a v a i l a b l e  l e d  t o  t h e  a p p r e c a tio n  o f  a r t e f a c t  
fo r m a t io n  as  d i s t i n c t  f ro m  t r u e  s t r u c t u r e  in  t h e  t i s s u e ®  a n d  
a <rast l i t e r a t u r e  on m o r p h o l o g i c a l  h i s t o l o g y  a p p e a r e d .
W h ile  t h e s e  m o r p h o lo g ic a l  t e c h n i q u e s  w e re  
a p p e a r in g  i n  l a r g e  numbers a sm a lle r  b u t  e q u a l l y  i m p o r t a n t  
number o f  p u b l i c a t i o n s  on s p e c i f i c  t e c h n iq u e s  w e re  a p p e a r i n g .
I t  i s  acknow ledged (B a k e r ,  1943, 1943; P e a r se , 1953) t h a t  
R a s p a i l  can  b e  c o n s id e r e d  t h e  fo u n d er  o f  h is to c h e m is tr y *
( 2 0 )
He u s e d ,  i n  m i c r o s c o p i c  s t u d i e s  on  f l o w e r s  ( 1 8 2 3 a ,  1 8 2 5 b , 
1 8 2 9 ) ,  t h e  i o d i n e  r e a c t i o n  f o r  s t a r c h  f i r s t  d e s c r i b e d  b y  
C o l i n  a n d  d e  C l a u b e r y  ( 1 8 1 4 )  an d  u s e d  b y  C a v e n to u  ( 1 8 2 6 )  
i n  m i c r o s c o p i c  s t u d i e s .  He a " s o  u s e d  t h e  x a n t h o p r o t e i c  
t e s t  f o r  p r o t e i n  ( 1 8 2 9 )  t h e  f u r f u r a l  t e s t  f o r  c a r b o h y d r a t e  
( 1 8 2 9 ) ,  m i c r o i n c i n e r a t i o n  a n d  t i s s u e  pH t e s t i n g  t e c h n i q u e s .  
H is  b r i l l i a n t  ex am p le  was f o l l o w e d  s l o w l y  b u t  p e r s i s t e n t l y  
b y  a s m a l l  b a n d  o f  h i s t o c h e m i s t s . The l i n e  o f  t h o u g h t  and  
i n v e s t i g a t i o n  i n  t h e s e  e a r l y  t im e s  may b e  f o l l o w e d  i n  t h e  
p u b l i c a t i o n s  o f  M e is e h e r  ( 1 8 7 4 ) ,  F r e y  ( 1 8 7 4 ) ,  Lehmann ( 1 8 5 1 )  
a n d  Bunge ( 1 8 8 7 ) .  The e a r l y  h i s t o c h e m i c a l  t e c h n i q u e s  
o u t l i n e d  i n  t h e s e  p u b l i c a t i o n s  show ed  t h a t  a t  l e a s t  some 
h i s t o l o g i s t s  w e re  i n t e r e s t e d  i n  t h e  c h e m ic a l  s t r u c t u r e  o f  
t i s s u e s  a n d  t h e i r  p h y s i o l o g i c a l  r e l a t i o n s h i p  to  one  a n o t h e r .  
The r e l a t i v e l y  s m a l l  num ber o f  t h e s e  p u b l i c a t i o n s  was 
swamped h o w e v e r  b y  t h e  l a r g e  num ber o f  m o r p h o l o g i c a l  r e p o r t s  
w h ich  w e re  i m p o r t a n t  i n  c l a s s i f y i n g  t h e  t i s s u e s  a n d  
p e r m i t t i n g  t h e  d i f f e r e n t i a t i o n  o f  t h e  v a r i o u s  a b n o r m a l i t i e s #  
Mann1 s  1 P h y s i o l o g i c a l  H is to lo g y -1 ( I 9O2 ) a n d  
M aca llu m f s f M eth o d en  u n d  E r g e b n i s s e  d e r  M ikrochem ie*  ( I 9 O8 ) 
w i t h  t h e i r  d e t a i l s  o f  t h e  m e th o d s  t h e n  i n  u s e ,  w e re  two o f  
t h e  few  p u b l i c a t i o n s  on h i s t o c h e m i c a l  t e c h n i q u e s  t o  a p p e a r  
f o r  many y e a r s . T h o s e  o f  P a r a t  ( 1 9 2 7 ) ,  P a t z e l t  ( I9 2 8 ) ,  
K l e i n  ( 19 29 ) , H a r t  w ig  ( 19 29 ) , Chamont a n d  M ason ( 1 9 3 0 ) ,  
Komeis ( 1 9 3 2 ) ,  P o l i c a r d  a n d  O k k e ls  ( 1 9 3 2 )  a n d  L i n d e r s t r o m -  
L ang  ( I9 3 6 ) l i s t e d  moab o f  t h e  s p e c i f i c  t e c h n i q u e s  w h ich
( 2 1 )
h ad  a p p e a r e d  i n  t h e  p r e v io u s  t h i r t y  y e a r s ,  lout no g r e a t  
amount o f  work on h i s t o c h e m i c a l  t e c h n iq u e s  was c a r r i e d  
ou t u n t i l  L i s o n  p u b l i s h e d  h i s  f H is to c h e m ic  A n im a le ,: i n  
I9 3 6 . T h is  b o o k  had a p r o fo u n d  e f f e c t  and marked th e  
b e g in n in g  o f  an  e r a  o f  n o t a b l e  a d v a n ce  i n  t h e  s c i e n c e  o f  
h i s t o c h e m i s t r y .  From th e n  u n t i l  t h e  p r e s e n t  day a l a r g e  
number o f  i n v e s t i g a t i o n s  h a v e  b e e n  c a r r i e d  o u t  on t h i s  
s u b j e c t  and t h e r e  a r e  no?/ a v a i l a b l e  some e x c e l l e n t  
r e f e r e n c e  books (G - l ic k ,  194-9. D a n i e l l i ,  1 9 5 3 . )  and t e x t ­
books (G-omori, 1 9 5 2 .  P e a r s e ,  I9 5 3 . )
The d ev e lo p m e n t  o f  t h e s e  t e c h n iq u e s  d u r in g  th e  
p a s t  tw e n ty  y e a r s  sho?/ed t h a t  p e o p le  w ere n o t  j u s t
i n t e r e s t e d  i n  what t h e . m orphology  o f  a t i s s u e  lo o k e d  l i k e .
They w anted to  know o f  what i t  was b u i l t .  T h ere  was a l s o  
gn  a w a ren ess  t h a t  h i s t o l o g i c a l  s t u d i e s  w ere o f  l i t t l e  
v a lu e  u n l e s s  t h e y  v/ere c o r r e l a t e d  w ith  t h e  v a r io u s  c y c l i c  
p h y s i o l o g i c a l  ch an ges  t h a t  o c c u r  i n  a l l  o r g a n is m s .  . Thus 
many o f  t h e s e  s t u d i e s  w ere c o n c e r n e d  w ith  th e  i n f l u e n c e  o f
t h e s e  ch an ges  on t h e  r e s u l t  o b ta in e d  w ith  one or more
t e c h n i q u e s .
I t  was a l s o  a p p r e c ia t e d  t h a t  i f  im p o rta n t  
c o n c l u s i o n s  w ere  to  b e  drawn from t i s s u e  s t u d i e s  th e n  
f i x a t i o n  a r t e f a c t s ,  o f  m o r p h o lo g ic a l  and c h e m ic a l  n a t u r e ,  
s h o u ld  b e  r e d u c e d  t o  a minimum. Thus f r e e z e - d r y i n g  
( G e r s h ,  1932) was d e v e lo p e d  to  e l i m i n a t e  t h e s e  a r t e f a c t s .  
The prob lem s o f  d i f f u s i o n  or  n o n - r e a c t i o n  o f  t i s s u e s
( 2 2 )
co m p o n e n ts  b e f o r e  a n d  a f t e r  f i x a t i o n  w e re  i n v e s t i g a t e d  a n d  
D a n i e l l i  ( 1953) h a s  p r e s e n t e d  a  v a l u a b l e  m o nograph  on  t h e  
s u b j e c t .
W h ile  t h e s e  h i s t o c h e m i c a l  t e c h n i q u e s  w e re  b e i n g  
d e v e lo p e d  many o t h e r  r e l a t e d  m e th o d s  a p p e a r e d .  T i s s u e  
c u l t u r e i n g  m e th o d s  b ecam e  w id e s p r e a d  a n d  r e s u l t e d  i n  many 
i n t e r e s t i n g  m o r p h o l o g i c a l  a n d  b i o c h e m i c a l  o b s e r v a t i o n s .  
P h a s e  m ic r o s c o p y  ( Z e r n i c k e ,  19 ) p r o v e d  i n v a l u a b l e  i n
q u a l i t a t i v e  s t u d i e s  o f  l i v i n g  a n d  f i x e d  s p e c i m e n s ,  a n d  t h e  
u l t r a - v i o l e t  a b s o r p t i o n  t e c h n i q u e  o f  C a s p e r s s o n  ( I 9 4 0 ) 
i n t r o d u c e d  a q u a n t i t a t i v e  m e th o d  f o r  i d e n t i f y i n g  n u c l e i c  
a c i d  a n d  i t s  p r e c u r s o r s  i n  i n t a c t  c e l l s .  V i s i b l e  l i g h t  
a b s o r p t i o n  m e th o d s  w e re  i n t r o d u c e d  b y  S t o w e l l  (1 9 4 -2 ) ,  who 
u s e d  a  s p e c t r o p h o t o m e t r i c  m e th o d  f o r  m e a s u r in g  t h e  am ount 
o f  n u c l e i c  a c i d  i n  F e u lg e n  s t a i n e d  t i s s u e ,  a n d  Engstrom m  
( 194-6 ) r e - i n t r o d u c e d ,  i n  a  m ore  a c c u r a t e  a n d  u s e f u l  fo rm  
t h e  t e c h n i q u e  o f  X - r a y  a b s o r p t i o n  s p e c t r o p h o t o m e t r y .  
A u t o r a d i o g r a p h y  i s  b y  no means a  new t e c h n i q u e  b u t  i t  h a s  
becom e i n c r e a s i n g l y  i m p o r t a n t  i n  t h e  p a s t  d e c a d e  b e c a u s e  
o f  i n c r e a s i n g  a v a i l a b i l i t y  o f  r a d i o - a c t i v e  e l e m e n t s .  We 
t h u s  h a v e  a v a i l a b l e  a  m e th o d  o f  a c c u r a t e l y  i d e n t i f y i n g  t h e  
p o s i t i o n  o f  a  f a i r  num ber o f  e l e m e n ts  i n  t i s s u e s .
A l l  o f  t h e s e  m eth o d s  g i v e  a r e a s o n a b l e  am ount o f  
q u a n t i t a t i v e  d a t a  r e g a r d i n g  t h e  d i s t r i b u t i o n  o f  c e r t a i n  
t y p e s  o f  s u b s t a n c e s  i n  c e l l s .  When u s e d  i n  c o m p a r in g  
l i  v in g  an d  d e a d  c e l l s  t h e y  p r o v i d e  some i n t e r e s t i n g
( 2 3 )
i n f o r m a t i o n  r e g a r d i n g  c y c l i c  p h y s i o l o g j  c a l  v a r i a t i o n s ,  
and. l o s s e s  d u r i n g  d i f f e r e n t  t y p e s  o f  f i x a t i o n .  The 
i n t r o d u c t i o n  o f  i n t e r f e r e n c e  m ic r o s c o p y  ( D a v i e s  a n d  W i l k i n s ,  
1952) a s  a  q u a n t i t a t i v e  m e th o d  i n  h i s t o l o g y  o p e n s  up  a n  
e n t i r e l y  new f i e l d  o f  r e s e a r c h  o f  t h i s  t y p e .
Thus i t  a p p e a r s  t h a t  t h e r e  i s  a r e t u r n  t o  t h e  
dynam ic  a p p r o a c h  t o  h i s t o l o g y  ( B o u r n e ,  1 9 5 3 ) .  S p e c i f i c  
m e th o d s ,  w i t h  a d e q u a t e  c o n t r o l s ,  a r e  b e i n g  u s e d .  F i x a t i o n  
a r t e f a c t s  a r e  b e i n g  r e d u c e d ,  a n d  a t t e m p t s  a r e  b e i n g  made t o  
c o r r e l a t e  m i c r o s c o p i c  i d e n t i f i c a t i o n  o f  s u b s t a n c e s  i n  t i s s u e  
w i t h  p h y s i o l o g i c a l  an d  b i o c h e m i c a l  d a t a .
The d e v e lo p m e n t  o f  e l e c t r o n  m ic r o s c o p y  d u r i n g  
t h i s  t im e  h a s  a g a i n  c a u s e d  t h e  p en d u lu m  t o  s w in g  to w a r d s  
t h e  s i d e  o f  m o rp h o lo g y ,  b u t  t h e  p ro b le m s  o f  f i x a t i o n ,  
d i f f u s i o n ,  e t c . ,  a r e  t r e m e n d o u s l y  i n c r e a s e d  i n  t h i s  t e c h n i q u e  
and  c o n c l u s i o n s  a s  t o  p h y s i o l o g i c a l  s i g n i f i c a n c e  m u s t  b e  
g u a r d e d .
I n  o r d e r  t o  u n d e r s t a n d  t h e s e  v a r i e d  t e c h n i q u e s  a 
r e s e a r c h  s t u d e n t  m u s t  b e  p a r t  c h a n i s t ,  p a r t  p h y s i c i s t ,  an d  
p a r t  h i s t o l o g i s t .  W i th o u t  a  h i s t o l o g i c a l  t r a i n i n g  t h e r e  
i s  no  f o u n d a t i o n  o f  k n o w le d g e  on w hich  i n t e r p r e ta t io n  o f  
r e s u l t s  may r e s t  a n d  new t h e o r i e s  b e  b u i l t .  I t  i s  t h e  
c o r r e l a t i o n  o f  f i n d i n g s  i n  t h e s e  v a r i o u s  f i e l d s  a n d  t h e  
e l i m i n a t i o n  o f  e r r o r s ,  t h a t  were p r e v i o u s l y  c o n s i d e r e d  
i n e v i t a b l e ,  t h a t  i s  t h e  t a s k  o f  t h e  h i s t o l o g i s t  t o d a y  an d  
t h u s  a n  u n r i v a l l e d  o p p o r t u n i t y  o f  c a r r y i n g  o u t  i n t e r e s t i n g
( 2U)
and v a l u a b l e  r e s e a r c h  i s  o f f e r e d .
I n  t h i s  t h e s i s  I h o p e  t o  show how I h a v e  
a t te m p te d  t o  f o l l o w  t h i s  p la n  i n  a p p ly in g  h i s t o l o g i c a l ,  
p h y s i o l o g i c a l ,  b i o c h e m ic a l  and b i o p h y s i c a l  t e c h n iq u e s  
t o  s o l v e  a p a r t i c u l a r  p r o b le m .
( 2 5 )
I I I .
USE OF WATER SOLUBLE WAX IN THE IDENTIFICATION 
OF HYALURONIC ACID-LIKE SUBSTAHOES.
( 26)
( a ) C l a s s i f i c a t i o n  o f  P .A .S .  p o s i t i v e  s u b s t a n c e s .
As d e s c r i b e d  i n  c h a p t e r  o n e ,  on e  o f  t h e  m ethods  
u se d  f o r  i d e n t i f y i n g  h y a lu r o n ic  a c i d  i n  t i s s u e  s e c t i o n s  i s  . 
t h e  p e r io d  a c i d - S c h i f f  method o f  McManua ( 1 9 4 6 ) .  T h is  
t e c h n iq u e  ( L i l l i e ,  1947; H o t c h k i s s ,  1948; McManus, 1 9 4 8 . )  
i s  r e a l l y  a M alaprade r e a c t i o n .  ( L i l l i e ,  1 9 5 0 ) .  I t  
i d e n t i f i e s  .CH0H.CH0H.,CH0H.CHNH2 *> and .CHOH. CHNHR. 
groups i n  p o l y s a c c h a r i d e s , m u c o p o ly s a c c h a r id e s , m u c o p r o te in s , 
g l y c o p r o t e i n s ,  and g l y c o l i p i d s  "by p r o d u c t io n  o f  a ld e h y d e s ,  
th rou gh  p e r i o d i c  a c i d  o x i d a t i o n ,  w hich c o l o u r i z e  th e  S c h i f f  
a ld e h y d e  r e a g e n t .  ( S e e  S e c t i o n  V(a)  f o r  d i s c u s s i o n  o f  t h e  
s i g n i f i c a n c e  o f  t h i s  t e c h n i q u e . )
( b )  I d e n t i f i c a t i o n  o f  g l y c o l i p i d s .
I f  t h e s e  s u b s ta n c e s  a r e  to  b e  i d e n t i f i e d  i n  a 
t i s s u e  i t  i s  n e c e s s a r y  t o  u s e  a method o f  p r e p a r a t io n  fo r  
m ic r o sc o p y  w hich  w i l l  n o t  e f f e c t  th e  l i p i d  c o n t e n t  o f  th a t  
t i s s u e .  U s in g  f r o z e n  s e c t i o n s  would p erm it  t h i s  i f  o n ly  
th e  P .A .S .  method was u s e d .  H owever, some o f  t h e  o t h e r  
s t a i n i n g  methods b e i n g  u s e d ,  e . g .  W eig e r t* s  e l a s t i c a ,  p r e c lu d e  
t h i s .  T here would a l s o  l ie  t h e  added d i f f i c u l t y  o f  o b t a in i n g  
s e r i a l  f r o z e n  s e c t i o n s .  An a l t e r n a t i v e  i s  t o  u s e  one o f  
t h e  newer w ater  s o l u b l e  waxes w hich  p e r m it  f i x a t i o n  o f  t h e  
t i s s u e  i n  an aqueous s o l v e n t  and t r a n s f e r  o f  i t  t o  t h e  wax 
w ith o u t  s u b j e c t i o n  to  d e h y d r a t io n  and c l e a r i n g .  B ec a u se  
o f  t h e  e l i m i n a t i o n  o f  t h e  u s e  o f  a l c o h o l  and c h lo r o fo r m ,
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o r  o t h e r  d e h y d r a t in g  and C le a r in g  a g e n t s ,  w h ich  a r e  f a t  
s o l v e n t s ,  one ca n  o b t a i n  a t i s s u e ,  s t i l l  c o n t a in i n g  i t s  
l i p i d s ,  embedded i n  w ax. This^ t i s s u e  b l o c k  ca n  t h e n  b e  
s e r i a l l y  s e c t i o n e d  i n  th e  norm al way and any o f  t h e  
s t a i n i n g  t e c h n iq u e s  a p p l i c a b l e  to  p a r a f f i n  s e c t i o n s  u s e d .  
T h ere  i s  some d is a g r e e m e n t  as  t o  t h e  e f f i c a c y  o f  l i p i d  
p r e s e r v a t i o n  i n  w a te r  s o l u b l e  wax s e c t i o n s  ( F ir m in g e r ,
1950a and 1950b; G-ersh, 1952; R in e h a r t  and A b u l-H a j , 1 9 5 1 a ,  
Hack, 1951) and M ile s  and L in d er  ( 1 9 5 3 )  s t a t e  t h a t  a l th o u g h  
t h e  l i p i d  seem s t o  b e  w e l l  r e t a i n e d  i n  t h e  t i s s u e  w i t h  t h e i r  
t e c h n iq u e  i t s  s t a i n i n g  r e a c t i v i t y  seem s t o  h a v e  u n d ergon e  
some c h a n g e .
( c ) R eview  o f  t h e  u s e  o f  w a ter  s o l u b l e  w a x e s •
A c c o r d in g  t o  C a r s te n  ( 1 9 4 7 ) * P o l y e t h y l e n e  g l y c o l s  
a r e  p a r t i c u l a r l y  s u i t a b l e  embedding a g e n t s  b e c a u s e  o f ' t h e i r  
c h e m ic a l  i n e r t n e s s ,  n o n c o r r o s iv e  n a t u r e ,  good th erm a l  
s t a b i l i t y ,  h ig h  aqueous s o l u b i l i t y ,  h ig h  m o le c u la r  w e ig h t  
and low h y g r o s c o p i c i t y . With i n c r e a s i n g  m o le c u la r  w e ig h t  
t h e  aqueous s o l u b i l i t y  and th e  h y g r o s c o p i c i t y  d e c r e a s e  and  
t h e  m e l t i n g  p o i n t  r i s e s . 1 They w ere in tr o d u c e d  b y  R ic h a r d s ,  
A nderson  and Hance ( 1 9 4 2 )  a s  embedding m edia and s i n c e  th e n  
h a v e  b e e n  u se d  b y  C a r s te n  ( 1 9 4 7 ) ,  B lan k  ( 1 9 4 9 ) j  B lan k  and  
M! C arthy  ( 1 9 5 0 ) ,  B e r l i n  and B r in e s  ( 1 9 5 1 ) ,  F ir m in g e r  (1 9 5 0 a  
and b ) ,  Van Horme and Zopf ( 1 9 5 1 ) ,  McLane ( 1 9 5 1 ) ,  R in e h a r t  
and Abu 1-Haj ( 1 9 5 1 a ) ,  Hack ( 1 9 5 1 ) ,  G-ersh ( 1 9 3 2 )  and
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Wade ( 1 9 5 2 ) .
The p o l y e t h y l e n e  g l y c o l  e s t e r  w a x e s ,  w h ich  a r e  
n o t  so  w a t e r  s o l u b l e ,  h a v e  b e e n  u s e d  b y  O r t o n  and  P o s t
( 1 9 3 2 ) ,  C u t l e r  ( 1 9 3 3 ) ,  a n d  S te e d m a n  ( 1 9 4 5 ,  1 9 4 7 , 1 9 49)*
T h e y  w e re  i n t r o d u c e d  a s  a n  a l t e r n a t i v e  t o  p a r a f f i n  wax 
f o r  r o u t i n e  p r e p a r a t i o n s  a n d  t h e i r  m a in  a d v a n t a g e s  a r e  
t h a t  t h e y  p r o d u c e  l e s s  s h r i n k a g e  d u r i n g  t h e  p r e p a r a t i o n  o f  
t h e  b l o c k  a n d  l e s s  c o m p r e s s io n  o f  t h e  s e c t i o n  d u r i n g  c u t t i n g .  
T h e y  do n o t  a s s i s t  i n  t h e  p r e s e r v a t i o n  o f  l i p i d s .
The mode o f  a c t i o n  o f  t h e  p o l y e t h y l e n e  g l y c o l s
i s  t h a t  th e y  i n f i l t r a t e  t h e  w e t t i s s u e  a n d  p r o g r e s s i v e l y
r e p la c e  th e  w ater i n  i t .  T h e  h y g r o s c o p i c  n a t u r e  o f  t h e  
waxes p e r m i t s  t h i s  a n d  i t  i s  s o m e t im e s  r e f e r r e d  po a s  a 
d eh y d ra tio n  ( R i n e h a r t  a n d  J h u l - H a j , 1 9 5 1 a ;  Van Horme a n d  
Z opf, 1951) a l t h o u g h  i t  c a n n o t  r e a l l y  b e  c o n s i d e r e d  s o  
(M ile s  a n d  L i n d e r ,  1 9 5 3 )*  D epending o n  w h ich  p a r t i c u l a r  
wax i s  u s e d  t h e  i n d i v i d u a l  s t e p s  i n  t h e  em b ed d in g  t e c h n i q u e  
v a r y . in  m o st c a s e s  t h e  i n i t i a l  s t e p s  a r e  u s u a l l y  c a r r i e d  
out a t  room t e m p e r a t u r e  w i th  low m e l t i n g  p o i n t  w a x e s ,  o r  
m ixtu res o f  wax a n d  w a t e r ,  and, t h e  p e n u lt im a te  a n d  f i n a l  
c h a n g e s  c a r r i e d  o u t  a t  around 3 7 ° 0 . s o  t h a t  w hen  t h e  b l o c k  
c o o ls  t h e  wax s o l i d i f i e s .  B e c a u s e  t h e  . g r e a t e r  p a r t  o f  t h e  
t e c h n i q u e  i s  c a r r i e d  o u t  a t  lo w  t e m p e r a t u r e s ,  and  b e c a u s e  
o f  t h e  e l i m i n a t i o n  o f  d e h y d r a t i n g  and c l e a r i n g  a g e n t s ,  t h e r e  
i s  a  minimum o f  s h r i n k a g e  and, h a r d e n i n g  o f  t h e  t i s s u e .
( M i le s  a n d  L i n d e r ,  1953*) a s  compared w i t h  p a r a f f i n  b l o c k s #
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( P a t t e n  a n d  P h i l p o t t ,  1 9 2 1 ; B a k e r ,  1945 ; B o l l e s  L e e ,  194 6 ; 
B r a i n ,  1 9 49*)  A f u r t h e r  a d v a n t a g e  i n  t h e  u s e  o f  t h e  wax i s  
a  p o s s i b l e  d i m i n u t i o n  o f  d i f f u s i o n ,  l o s s  o r  c h e m ic a l  
a l t e r a t i o n  o f  t i s s u e  c o n s t i t u e n t s  n o r m a l l y  c a u s e d  b y  
d e h y d r a t i n g  and c l e a r i n g  a g e n t s  an d  p r o l o n g e d  i n c u b a t i o n  
i n  wax a t  h i g h e r  t e m p e r a t u r e s .  ( S t a f f o r d  a n d  A t k i n s o n ,  1948; 
F i r m i n g e r ,  1950a a n d  b ;  M cLane, 1951 ; M i le s  a n d  L i n d e r ,  1 9 § 3 . )
(3.) D e s c r i p t i o n  o f  t h e i r  u s e .
T he  m e th o d  u s e d  was e s s e n t i a l l y  t h a t  o f  B la n k  
a n d  M cC arth y  ( 1 9 5 0 )  e x c e p t  t h a t  t h e i r  m i x t u r e  o f  ’ Carbowax* 
4 0 0 0 .  ( 4  p a r t s ) ,  a n d  , C a rb o w ax t 1 5 0 0 .  ( 1  p a r t ) ,  was r e p l a c e d  
b y  a n  i d e n t i c a l  m i x t u r e  o f  *Hydrowax* • T h i s  was t h e  o n l y  
p o l y e t h y l e n e  g l y c o l  o f  t h e  sam e m o l e c u l a r  w e ig h t  a v a i l a b l e  
i n  t h e  c o u n t r y  a t  t h a t  t i m e .  ( P o l y e t h y l e n e  g l y c o l  "gOO" 
and  Nonex 6B a r e  now u s e d . )
The t i s s u e  b e i n g  p r e p a r e d  was f i x e d  i n  10$  
n e u t r a l  f o r m a l in  or any o t h e r  aqueous f i x a t i v e ,  u n t i l  
f i x a t i o n  v/as presumed t o  b e  c o m p le te .  I t  was th e n  removed  
and washed i n  ru n n in g  tap  w ater  fo r  s e v e r a l  h o u r s .  A f t e r  
w a sh in g ,  th e  t i s s u e ,  s u i t a b l y  trim m ed, was t r a n s f e r r e d  to  
th e  m o lten  m ix tu r e  o f  wax and was a g i t a t e d  o c c a s i o n a l l y  
to  a s s i s t  m ix in g  o f  wax and w a t e r .  At l e a s t  two ch a n g es  o f  
t h e  wax, k ep t  m o lte n  i n  a 37°G« o v e n ,  a r e  d e s i r a b l e  i n  an  
i n f i l t r a t i o n  p e r io d  o f  1 -3  h o u r s .  T h is  p e r io d  o f  t im e  i s  
s u f f i c i e n t  f o r  most t i s s u e s .  C a r s te n  ( 1 9 4 7 )  and Van Horme
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and Zopf ( 1 9 5 1 )  h a v e  recommended 'the u s e  o f  w e t t i n g  a g e n t s  
t o  p erm it  e a s i e r  em bedding, b u t  I  h a v e  n o t  fou nd  them  
n e c e s s a r y .
A f t e r  i n f i l t r a t i o n  t h e  sp e c im e n  i s  t r a n s f e r r e d  
t o  an L-m ould or p a p er  b o x  and f r e s h  m o lte n  wax i s  added  
to  form a b l o c k .  The b l o c k  i n  i t s  c o n t a i n e r ,  i s  t r a n s f e r r e d  
to  a c o o l  dry  p l a c e ,  su c h  a s  a r e f r i g e r a t o r ,  and a l lo w e d  to  
h a rd en  f o r  f i v e  t o  t e n  m in u t e s .  C o n ta c t  w ith  i c e  o r  w ater  
must b e  a v o id e d  b e c a u s e  o f  th e  s o l u b i l i t y  o f  t h e  w ax.
No d i f f i c u l t y  was e n c o u n te r e d  w ith  t h e  c r y s t a l  fo r m a t io n  
i n  th e  wax d i s c u s s e d  b y  H a rd k a rn i,  Meyers and Z o p f ,  ( 1 9 4 9 ) *
The h a rd en ed  b l o c k  i s  trimmed and f a s t e n e d  t o  a 
m icrotom e sp e c im e n  h o l d e r .  D u r in g  c u t t i n g  t h e  b lo c k  and  
k n i f e  must n o t  b e  c h i l l e d  l e s t  c o n d e n s a t io n  i n t e r f e r e s  w ith  
th e  v e r y  h y g r o s c o p ic  s e c t i o n s .  Numerous m ethods o f  m ounting  
and f l a t t e n i n g  p o l y e t h y l e n e  g l y c o l  wax s e c t i o n s  h a v e  a l r e a d y  
b e e n  d e s c r ib e d  b y  t h e  v a r io u s  i n v e s t i g a t o r s  a l r e a d y  m e n t io n e d .  
In  t h i s  c a s e  i t  was found  t h a t  t h e  b e s t  method f o r  m ounting  
s e c t i o n s  was t o  p ro d u ce  a v e r y  f i n e  f i l m  o f  w a te r ,  p r e f e r a b l y  
w ith  a s p r e a d in g  a g e n t  a d d ed , on a s l i d e  and to  mount t h e  
s e c t i o n s  on t h i s  c o l d  s l i d e  and th en  dry them i n  a 37°Q • 
o v e n .  T h is  method was fou n d  t o  b e  t h e  l e a s t  d i f f i c u l t  and 
was a c c e p te d  as r o u t in e  p r a c t i c e .
W hile  c u t t i n g  t h e s e  b l o c k s ,  i t  was fo u n d ,  n o t  
i n f r e q u e n t l y ,  t h a t  i t  was im p o s s i b l e  t o  c u t  s a t i s f a c t o r y  
s e c t i o n s  . I t  was found t h a t  t h e y  e i t h e r  crum pled up a s  a
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hom ogeneous r i d g e  on t h e  ed g e  o f  t h e  k n i f e  or e l s e  
d i s i n t e g r a t e d  t o  a f l a t  w a te r y  s l u d g e  on t h e  b ro a d  p a r t  o f  
t h e  b l a d e .  As t h i s  o n ly  o c c u r r e d  on some o c c a s io n s  and n o t  
on o t h e r s  t h e  c a u s e  o f  th e  v a r i a t i o n  was s o u g h t .  I t  seem ed  
n o t  im p ro b a b le  t h a t  h ig h  h u m id ity  m igh t l e a d  to  a b s o r p t io n  
o f  w a ter  b y  t h e  s u r f a c e  o f  su c h  b lo c k s  making c u t t i n g  and  
su b se q u e n t  m a n ip u la t io n  o f  t h e  s e c t i o n s  i m p o s s i b l e .  Thus 
t h e  f o l l o w i n g  p r o c e d u r e  was p la n n ed  t o  e l u c i d a t e  t h e  
p r o b le m .
( e ) I n v e s t i g a t i o n  i n t o  th e  d i f f i c u l t y  o f  h a n d l in g  
p o l y e t h y l e n e  g l y c o l  s e c t i o n s •
T i s s u e s  w ere p r e p a r e d  a s  d e s c r ib e d  a b o v e .  S e c t i o n s  
were a lw a y s  cu t  from b lo c k s  p r e p a r e d  from  t h e  same t i s s u e s  
c a r r i e d  th ro u g h  a t  t h e  same t im e  b y  i d e n t i c a l  p r o c e s s e s .
The same k n i f e  was u s e d  t h r o u g h o u t ,  b e in g  a s s i d u o u s l y  
c le a n e d  and s tr o p p e d  b e f o r e  and a f t e r  each  a t te m p t  t o  c u t  
s e c t i o n s .  A Unicam f l a t  c u t t i n g  r o c k e r  m icrotom e was u s e d .
The b lo c k s  w ere s e c t i o n e d  i n  a w in d o w less  room s e a l e d  o f f  from  
a l l  o u t s i d e  c o n t a c t  e x c e p t  f o r  one c l o s e l y  f i t t i n g  door o f  
r e f r i g e r a t o r  t y p e .  T h is  door opened i n t o  a s m a l l  anteroom  
s e p a r a te d  b y  a s m a l l  door from th e  c o r r id o r  o f  a c e n t r a l l y  
h e a t e d  b u i l d i n g .  The room c o n t a in e d  a l a r g e  e l e c t r i c  f a n  
which c i r c u l a t e d  t h e  a i r  th ro u g h  s e v e r a l  b a f f l e s .  T em perature  
was c o n t r o l l e d  b y  a 25 amp. e l e c t r i c  h e a t i n g  e l e m o i t .
A l l  e s t im a t io n s  o f  tem p era tu re  and o f  r e l a t i v e
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h u m id ity  w ere  made on an e l e c t r i c a l l y  d r iv e n  Asmann 
a s p i r a t i n g  h y g r o m e te r .
The h u m id ity  o f  t h e  room a tm o sp h ere  was v a r ie d  
hy  pumping w a ter  i n t o  i t  th r o u g h  a s p r a y  a to m iz e r  o f  che 
* F l i t  gun1 t y p e .  When r e q u i r e d ,  t h e  h u m id ity  was lo w e r e d  
hy e x p o s in g  l a r g e  amounts o f  anhydrous c a lc iu m  c h l o r i d e  t o  
t h e  a i r  i n  t h e  room. A lth o u g h  t h e s e  m ethods co u ld  n o t  
p r o v id e  a b s o l u t e  s a t u r a t i o n  or  c o m p le te  d r y n e s s  o f  t h e  a i r ,  
t h e  ra n ge  o f  h u m id ity  c o u ld  h e  v a r i e d  from 30% t o  9Q%*
W h ile  c u t t i n g  t h e  s e c t i o n s ,  c a r e  was ta k e n  n o t  t o  
h r e a t h e  on t h e  b lo c k s  i n  o r d e r  t o  a v o id  any l o c a l  r i s e  i n  
te m p e r a tu r e  or h u m id i t y .  S e c t i o n s  w ere  c u t  a t  lOp, I f , and  
Up. and i t  was n o t e d  on each  o c c a s i o n  w h eth er  t h e y  would  
( a )  c u t  and ( h )  r ib b o n .  The l e a s t  s i g n  o f  c u t t i n g  a s  s i n g l e
s e c t i o n s ,  or  o f  r ib b o n in g  i n  s t r i p s  o f  fo u r  or more s e c t i o n s ,  
was a c c e p t e d  a s  c u t t i n g  or  r ib b o n in g .  I n  o th e r  v/ords a 
1 p e r f e c t*  s e c t i o n  or  r ib b o n  was n o t  n e c e s s a r i l y  r e q u ir e d  to  
d e m o n str a te  c u t t i n g  a b i l i t y  under t h e s e  c o n d i t i o n s .  A ttem p ts  
w ere made t o  s e c t i o n  t h e  t i s s u e s  a t  f i v e  s e p a r a t e  l e v e l s  o f  
te m p e r a tu r e ,  1 7 - 1 8 ° C . ,  1 9 - 2 0 ° G . ,  2 0 . 5 - 2 1 . 5 ° C . ,  2 2 - 2 3 ° 0 . ,  
and 2 U -2 5 °0 .  At each  s e p a r a t e  l e v e l  o f  te m p e r a tu r e  t h e  
r e l a t i v e  h u m id ity  was made t o  v ary  from 35% t o  9 0 $ .  T h ere  
w ere th u s  t h r e e  v a r i a b l e s ,  and a t  l e a s t  f o u r  a t t e m p t s ,  
u s u a l l y  m ore, w ere made a t  each t h i c k n e s s  f o r  each l e v e l  o f  
te m p e r a tu r e  a t  s u i t a b l e  i n t e r v a l s  th r o u g h o u t  th e  ra n g e  o f  
h u m id i t y .
( 3 3 )
I f  a number o f  b lo c k s  were made b e fo r e h a n d  In  
p r e p a r a t io n  f o r  c u t t i n g  i n  t h e  s p e c i a l l y  p r e p a r e d  room 
t h e s e  had t o  b e  s t o r e d  i n  a d e s i c c a t o r .  I f  t h e  b lo c k s  
w ere s t o r e d  i n  t h e  u s u a l  s m a l l  ca rd b oard  b o x e s  t h e y  w ere  
o f t e n  c o v e r e d  w ith  a f i l m  o f  w a ter  w hich  p r e v e n t e d  c u t t i n g  
f o r ’’some d ep th  i n t o  t h e  b l o c k .  I t  was fo u n d ,  m o r e o v e r ,
.th a t  b lo c k s  n o t  s t o r e d  i n  a d e s i c c a t o r  g a in e d  w e i g h t .  I f  
t h e s e  blocks, w ere  th e n  p u t  i n  a d e s i c c a t o r  f o r  some t im e  
and th e n  r e w e ig h e d  i t  was found t h a t  th e y  had l o s t  t h e  w e ig h t  
which t h e y  had g a i n e d .  B lo c k s  s t o r e d  i n  a d e s i c c a t o r  d id  
n o t  g a in  w e i g h t .  I f  th e  b lo c k s  a r e  c o v e r e d  w ith  a f i l m  
o f  p a r a f f i n  wax b y  d ip p in g  them i n t o  t h e  m o lte n  wax on a 
t h r e a d ,  t h e y  w i l l  b e  p r o t e c t e d  from  t h i s  a b s o r p t i o n  o f  
w a t e r .
( f ) R e s u l t s  •
T a b le  3 c o n t a in s  t h e  e n t i r e  l i s t  o f  te m p e r a tu r e s  
and r e l a t i v e  h u m i d i t i e s  a t  w h ich  c u t t i n g  e x p e r im e n ts  w ere  
c a r r i e d  o u t .  A f t e r  each  te m p e r a tu r e  and h u m id ity  ra n g e  
a p lu s  i n d i c a t e s  c u t t i n g  and r ib b o n in g ,  a p lu s -m in u s  
c u t t i n g  o n l y ,  and a minus n e i t h e r  c u t t i n g  nor r i b b o n in g .
The v a r i a t i o n  a t  d i f f e r e n t  t h i c k n e s s e s  a r e  a l s o  shov/n i n  
t h i s  t a b l e .  F i g .  9 c o n t a in s  a g r a p h ic a l  r e p r e s e n t a t i o n  
o f  t h e  r e s u l t s .  T h ere  i s  a c u r v e  f o r  each t h i c k n e s s  a t  
w hich c u t t i n g  was a t te m p te d  i . e .  Up., 7p> and lOp# The  
c u r v e s  a r e  drawn th ro u g h  t h e  means o f  t h e  upper and lo w er
( 3 k )
p o i n t s  r e p r e s e n t e d  b y  t h e  t i p s  o f  t h e  v e r t i c a l  arrow s i n  
t h e  g r a p h .  At any one t e m p e r a tu r e ,  a t  r e l a t i v e  h u m id i t i e s  
l e s s  th a n  t h e  v a lu e s  i n d i c a t e d  b y  t h e  t i p  o f  th e  low er a rro w ,  
r ib b o n in g  and s e c t i o n i n g  were b o th  s a t i s f a c t o r y .  The t i p  
o f  th e  upper arrow  i n d i c a t e s  t h e  d e g r e e  o f  h u m id i ty  ab ove  
which b o th  r ib b o n in g  and s e c t i o n i n g  i n e v i t a b l y  f a i l e d .  At  
in t e r m e d ia t e  v a l u e s ,  i n d i c a t e d  b y  th e  i n t e r v a l  b e tw e e n  th e  
two arrow  h e a d s ,  r e s u l t s  w ere e r r a t i c ,  but a s  th e  h u m id ity  
i n c r e a s e d  t h e r e  was p r o g r e s s i v e  d e t e r i o r a t i o n .  R ibboning  
f i r s t  becam e d o u b t f u l  and u l t i m a t e l y  c e a s e d ,  and th e n  
s e c t i o n i n g  f a i l e d  a l t o g e t h e r .
I f  we c o n s id e r  t h e  cu r v e  f o r  s e c t i o n s  c u t  a t  
w i l l  b e  s e e n  t h a t  in  t h e  2U -25°G . r a n g e ,  t h e  s e c t i o n s  f i r s t  
c e a s e d  t o  r ib b o n  a t  a r e l a t i v e  h u m id ity  o f  U0$ and t h a t  no  
s e c t i o n s  w ere o b t a in e d  a t  o r  a b o v e  56$  r e l a t i v e  h u m id i t y .
At 1 9 -2 0 °G . t h e r e  was a maximum p e r m i s s i b l e  r e l a t i v e  
h u m id ity  o f  55$  f o r  s u c c e s s f u l  r ib b o n in g .  In  t h e  1 7 -1 8 °C .  
ra n ge  i t  w i l l  b e  s e e n  t h a t  t h e r e  a r e  no p o i n t s  fo r  t h e  lOji 
c u r v e .  T h is  i s  so  b e c a u s e  t h e  b lo c k s  c o n t in u e d  to  s e c t i o n  
and r ib b o n  ev en  a t  t h e  h i g h e s t  h u m id ity  o b t a in e d .  I n  a l l  
c a s e s  i t  w i l l  b e  s e e n  t h a t ,  as  t h e  tem p e r a tu r e  d r o p s ,  t h e  
maximum p e r m i s s i b l e  r e l a t i v e  h u m id ity  f o r  o b t a in in g  r ib b o n s  
and s e c t i o n s  r i s e s .  I t  w i l l  a l s o  b e  s e e n  t h a t ,  a s  t h e  
t h ic k n e s s  o f  t h e  s e c t i o n s  d i m i n i s h e s ,  th e  h i g h e s t  p e r m i s s i b l e  
r e l a t i v e  h u m id ity  f o r  a g iv e n  te m p e r a tu r e  d r o p s .
(35)
( g )  C o n c l u s i o n s .
T h is  a r e a  o f  t h e  c o u n tr y  has a te m p e r a te  
c l i m a t e  and h ig h  r e l a t i v e  h u m id i t y .  Thus n o t  i n f r e q u e n t l y ,  
c o n d i t i o n s  a r e  p r e s e n t  w hich  p r e v e n t  th e  u s e  o f  p o l y e t h y l e n e  
g l y c o l  w a x e s .  T h is  w i l l  h e  r e a l i s e d  i f  i t  i s  remembered 
t h a t  even  when s e c t i o n s  and r ib b o n s  w ere o b t a in e d ,  t h e y  
w e r e ,  f o r  t h e  p u r p o se s  o f  t h e  e x p e r im e n t ,  n o t  n e c e s s a r i l y  
o f  th e  h i g h e s t  q u a l i t y .  To b e  s u r e  o f  good h i s t o l o g i c a l  
r e s u l t s ,  t h e  r e l a t i v e  h u m id ity  s h o u ld  b e  w e l l  b e lo w  t h e  
v a lu e s  i n d i c a t e d  b y  th e  t i p s  o f  th e  low er  a r r o w s .  A 
c o n v e n ie n t  way o f  e l i m i n a t i n g  t h e  i n f l u e n c e  o f  r e l a t i v e  
h u m id ity  i s  t o  wf^gk i n  a room w ith  a te m p e r a tu r e  o f  18°C .  
or l e s s  when t h e  h u m id ity  can  b e  a l lo w e d  to  r e a c h  a 
r e a s o n a b ly  h ig h  v a lu e  b e f o r e  im p a ir in g  t h e  q u a l i t y  o f  t h e  
s e c t i o n s •
I n c i d e n t a l l y ,  t h e  t r i c k ,  b e lo v e d  o f  t e c h n i c i a n s ,  
o f  b r e a t h in g  on th e  b l o c k  and k n i f e  w h i l e  c u t t i n g  t i s s u e  
embedded i n  p a r a f f i n ,  i s  a b s o l u t e l y  d i s a s t r o u s  w ith  t h i s  
wax. The d o u b le  a c t i o n  o f  r a i s i n g  t h e  te m p e r a tu r e  and 
t h e  r e l a t i v e  h u m id ity  c a u s e s  th e  s e c t i o n s  to  d i s s o l v e  
i n t o  a g r e a s y  s l u d g e .
The d e l e t e r i o u s  e f f e c t  o f  i n c r e a s e d  te m p e r a tu r e ,  
when t h e  r e l a t i v e  h u m id ity  i s  s t a b l e ,  may b e  p a r t i a l l y  o f f s e t  
b y  u s i n g  a h ig h e r  p e r c e n t a g e  o f  hard  wax. T here  a r e  
l i m i t s  to  w hich t h i s  can  b e  c a r r i e d  as th e  a d d i t i o n  o f  even
( 3 6 )
a s m a l l  amount o f  h ard  wax t o  t h e  m ix tu r e  makes t h e  
b l o c k  to o  b r i t t l e  f o r  s e c t i o n i n g .
P r e l im in a r y  c h e c k in g  o f  t h e  t e m p e r a tu r e  and 
r e l a t i v e  h u m id ity  w i l l  h e l p  t o  a v o id  a l o t  o f  f u t i l e  
e f f o r t  and o f fh a n d  con d em n ation  o f  p o l y e t h y l e n e  g l y c o l  
wax a s  an  em bedding medium.
( 3 7 )
IV
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( 3 8 )
( a ) D is a d v a n ta g e s  o f  u s i n g  c o n v e n t io n a l  f i x a t i o n  In  t h e  
s tu d y  o f  t i s s u e  c h e m i s t r y .
F i x a t i o n  i s  an a t te m p t  t o  p r e s e r v e  t h e  t i s s u e  
i n  a s  c l o s e  a c o n d i t i o n  as  p o s s i b l e  to  th e  l i v i n g  s t a t e ,  
and p r e s e n t  i t  f o r  m ic r o s c o p ic  ex a m in a t io n *  As h as  b e e n  
s t a t e d  i n  c h a p te r  one numerous f i x a t i v e s  h a v e  b e e n  u se d  In  
h i s t o l o g y  i n  t h e  p a s t  b e c a u s e  i t  was fou nd  t h a t  d i f f e r e n t  
s t r u c t u r e s  w ere p r e s e n t e d  i n  b e t t e r  o r  v/orse c o n d i t i o n  
d ep en d in g  on th e  f i x a t i v e  u s e d .  G ross m o r p h o lo g ic a l  
d i s t o r t i o n s , a r e  p ro d u ced  in  t h e  t i s s u e s  b y  a l l  f i x a t i v e s  
and i t  i s  some o f  t h e  f a c t o r s  g o v e r n in g  t h e s e  ch an ges  th a t  
a r e  now g o in g  t o  b e  d i s c u s s e d *
The m ain  d is a d v a n t a g e s  in  c o n v e n t io n a l  f i x a t i o n
a re
( i )  L oss o f  m a t e r i a l s #
( i i )  C hem ical a l t e r a t i o n  o f  m a t e r i a l s #
( i i i )  A l t e r a t i o n  o f  p h y s i c a l  r e l a t i o n s h i p s .
T h e se  w i l l  now b e  c o n s id e r e d  i n  d e t a i l .
( f ) I t  has  b e e n  known f o r  many y e a r s  t h a t  c e r t a i n  f i x a t i v e s  
w i l l  r e t a i n  c e r t a i n  s t r u c t u r e s  arid s u b s ta n c e s  i n  a t i s s u e  
i n  a b e t t e r  s t a t e  o f  p r e s e r v a t i o n  th a n  o t h e r s .  For exam ple  
g ly c o g e n  has f o r  some t im e  b e e n  c o n s id e r e d  v e r y  s o lu b le  in  
w ater  and may b e  d i s s o l v e d  out b y  aqueous f i x a t i v e s .  
C o n se q u e n t ly  an  a c e t i c  a c i d - f o r m a l l n - a l e o h o l  m ix tu r e  has  
a lw ays  b e e n  recommended fo r  g ly c o g e n  f i x a t i o n .  S i m i l a r l y  
a l c o h o l i c  f i x a t i v e s  w i l l  remove l i p i d s  and c e r t a i n  w a te r y
( 3 9 )
f i x a t i v e s  w i l l  remove c e r t a i n  m u c in s .
I n  t h i s  , r e s p e c t  i t  h a s  "been s t a t e d  t h a t  c e r t a i n  
f i x a t i v e s  w h ich  do n o t  ap p ear  t o  f i x  c e r t a i n  m in u te  
s t r u c t u r e s  may n o t  h e  g u i l t y  o f  t h i s  f a u l t  h u t  m e r e ly  may 
n o t  h a v e  d i s t o r t e d  an  i n v i s i b l e  l i v i n g  a r e a  so  t h a t  i t  i s  
v i s i b l e  as  a dead  a r e a .  i . e .  p r o d u c in g  an a r t e f a c t  3bhat i s  
a c c e p t e d  as a s t r u c t u r e .  T h is  w i l l  b e  d i s c u s s e d  l a t e r  
under ’ a l t e r a t i o n  i n  p h y s i c a l  r e l a t i o n s h i p s 1 .
The a c t u a l  l o s s  o f  m a t e r i a l s  from  t i s s u e s  d u r in g  
f i x a t i o n  h a s  b e e n  s t u d i e d  q u a n t i t a t i v e l y  and S y lv e n  ( 1 9 5 2 )  
h a s  shown t h a t  t h e r e  i s  a v e r y  h ig h  p e r c e n t a g e  l o s s  o f  
s u b s ta n c e s  from  t i s s u e  b lo c k s  d u r in g  f i x a t i o n  and t h e s e  
e x t r a c t e d  s u b s t a n c e s  can  b e  i s o l a t e d  from  t h e  f i x a t i v e  
u s e d .  He s t a t e s  t h a t  d u r in g  c o n v e n t io n a l  p r o c e s s e s  o f  
f i x a t i o n ,  em bedding, m o rd a n tin g  and s t a i n i n g  t h e r e  may b e  a 
t o t a l  l o s s  o f  mass o f  kO-GQfo o f  t h e  t i s s u e  b e i n g  p r e p a r e d .  
Engstrom and G-lick ( 1 9 5 0 )  u s i n g  t h e i r  X -ra y  a b s o r p t io n  
t e c h n iq u e  h a v e  shown th a t  t h e r e  i s  a s i m i l a r  l o s s  o f  mass 
o f  1 0 -3 0 % from  g a s t r i c  mucosa c e l l s  d u r in g  f o r m a l in  f i x a t i o n  
a s  compared w i t h  f r e e z e - d r y i n g .
Q u a l i t a t i v e  o b s e r v a t io n s  on t h e  l o s s  o f  m a t e r i a l  
from c o n v e n t i o n a l l y  p r e p a r e d  t i s s u e s  as compared w ith  
f r o z e n - d r i e d  on es  may b e  fou nd  i n  t h e  p u b l i c a t i o n s  o f  B e n s le y  
and G-ersh ( 1 9 3 3 ,  a ,  b and c )  G ersh ,  ( 1 9 3 2 ) ,  H o e r r , .  ( 1 9 3 6 ) ,  
J u l e n ,  S n e l lm a n ,  and S y lv e n  ( 1 9 5 0 ) ,  and S y lv e n  ( 1 9 5 0 ,  1 9 5 1 ) .
(W)
( i i )  T hat f i x a t i o n  p r o d u c e s  c h e m i c a l  a l t e r a t i o n s  i n  t h e  
t i s s u e  has  b e e n  known f o r  many y e a r s  (M ann ,  1 9 0 2 . ) .  The 
c o m p le x i t y  o f  t h e s e  a l t e r a t i o n s  i s  s o  g r e a t  h o w e v e r  t h a t  
v e r y  few  d e t a i l s  o f  t h e  mode o f  a l t e r a t i o n ,  i n  r e l a t i o n  t o  
t h e  t y p e  o f  f i x a t i v e  u se d  an d  t h e  c h e m ic a ls  p r e s e n t ,  a r e  
known. The  i n v e s t i g a t i o n s  o f  T e l l y e s n i c z k y  ( 1 8 9 8 ,  X9 O2 , 
1 9 0 5 ) ,  Hardy ( 1 899)  9 F i s c h e r  ( 1 8 9 9 )*  M am  ( I 9 O2 ) , a n d  
Berg ( 1 9 0 3 ) ,  show ed t h a t  t h i s  was s o  and  i n  l a t e r  y e a r s  
S tra n g ew a y s  and G o r t i  ( 1 9 2 7 ) ,  G e r s h  ( 1 9 3 2 ) ,  Bens l e y  a n d  
G ersh ( 1933 a ,  b and c ) ,  H o e r r  ( 1 9 3 6 ) ,  a n d  P i s c h i n g e r  ( 1937)  
r e i n v e s t i g a t e d  t h e s e  p rob lem s and. p r o d u c e d  more d e f i n i t e  
i n f o r m a t io n .
K now ledge  o f  t h e s e  e f f e c t s  i s  v e r y  i n c o m p l e t e  b u t  
some u s e f u l  g u i d e s  t o  p o s s i b l e  r e a c t i o n s  t a k i n g  p l a c e  b e tw e e n  
t i s s u e  and f i x a t i v e  a r e  a v a i l a b l e  i n  t h e  work o f  G ain  ( 19^9)#  
C a sp erso n n  ( 1 9 5 0 ) ,  Wolrnan and Greco ( 1 9 5 2 ) ,  a n d  P e a r s e (1 9 5 3 )*
( i i i )  One o f  t h e  a l t e r a t i o n s  i n  p h y s i c a l  r e l a t i o n s h i p  w h ic h  
o c c u r s  d u r i n g  f i x a t i o n  i s  s h r i n k a g e  and i t  i s  u s u a l l y  
a c c e p t e d  a s  i n e v i t a b l e  u n l e s s  c e r t a i n  s w e l l i n g  a g e n t s  e . g .  
a c e t i c  a c i d ,  a r e  a d d e d  t o  c o u n t e r a c t  th e  e f f e c t ,  b u t  e v e n  
t h e s e  a r e  n o t  v e r y  e f f e c t i v e .  B e rg  ( I 9O8 ) ,  B e r t h s I d  ( 1 8 8 2 ) ,  
S j o b r in g  ( I9 OO) ,  S j o v a l l  ( I 9 O6 ) ,  C a r le t o n  ( 1 9 2 2 ) ,  P a t t e n  a n d  
and P h i l p o t t  ( I 9 2 2 ) ,  T a r k h a n  ( 1 9 3 1 )  and Young ( 1 9 3 5 )  h a v e  a l l  
shown t h a t  s h r i n k a g e  o c c u r s  d ep e n d in g  t o  a  c e r t a i n  e x t e n t  o n  
t h e  f i x a t i v e  a n d  t i s s u e  u s e d .  T h e  s h r i n k a g e  p r o d u c e d  b y
( k l )
f i x a t i o n  m u s t  n o t  b e  c o n f u s e d  w i t h  t h a t  p r o d u c e d  by 
d e h y d r a t i o n  a n d  em bedd ing  w h ich  h a s  a l r e a d y  b e e n  d i s c u s s e d #  
D i f f u s i o n  o f  su b s ta n c e s  from  one  p o i n t  t o  a n o t h e r  
w ith in  a t i s s u e  d u r i n g  f i x a t i o n  and  s u b s e q u e n t  te c h n iq u es  i s  
an a r t e f a c t  w hich h a s  becom e in c r e a s in g ly  i m p o r t a n t  i n  
c o n n e c tio n  w i t h  th e  u s e  o f  s p e c i f i c  m e th o d s  i n  s tu d y in g  
dynamic p r o c e s s  es  . T e lly e s n ic z k y  ( 1 9 3 6 ) ,  U n d e r h i l l  ( 1 9 3 2 ) ,  
Medawar ( I 9 I4I )  * D a n ie l l i  ( 1 9 5 3 ) ,  Gomori ( 1 9 5 2 )  a n d  P e a rs©
( 1953') wa rn  a g a i n s t  i t  an d  s u g g e s t  means o f  r e d u c i n g  th e  e f f e c t .
I t  i s  o f l i t t l e  u s e  i d e n t i f y i n g  a  s u b s t a n c e  i n  a  t i s s u e  i f  
i t  i s  n o t  i n  t h e  p o s i t i o n  t h a t  i t  n o rm a lly  o c c u p i e s  i n  t h e  
l i v i n g  a n im a l  #
F r e y - W y s s l i n g  ( 19kQ) 9 has show n i n  a  v e r y  l u c i d  
manner t h a t  some m i c r o s c o p i c  m orphology may b e  Jhir© f i x a t i o n  
a r te f a c t  a n d  som e may b e  d u e  m e r e ly  to  an e x a g g e r a t i o n ,  on a  
m icro sco p ic  l e v e l ,  o f  a n  a m icro sco p ic  s t r u c t u r e #  e . g .  t h e  
s t r i a t i o n  o f  c o l l a g e n  f i b r e s .
To d e c id e  w h at i s  tr u e  m orphology and m a t  i s
a r t e f a c t  can r e a l l y  o n l y  b e  a c c o m p l i s h e d  b y  e x a m in in g  t i s s u e s
o r  c e l l s  i n  th e  l i v i n g  s t a t e  a n d  t h i s  i s  now p o s s i b l e  u s i n g  
t h e  newer fo rm s  o f  m i c r o s c o p y .  T h us'an  o b j e c t  can  b e  examined  
a l i v e  a n d  t h e n  a g a in  a f t e r  f i x a t i o n  and t h e  m o rp h o lo g ica l  
s t  a t  es  e amp a r e d .
I t  i s  i n e v i t a b l e  h o w e v e r  t h a t ,  no  m a tter  how p e r f e c t
t h e  f i x a t i o n  a n d  e x c e l l e n t  t h e  s p e c im e n  a p p e a r s  t o  b e
m i c r o s c o p i c a l l y ,  th e r e  w i l l  b e  a l t e r a t io n s  o f  m o l e c u l a r  or
(U2)
m i c e l l a r  r e l a t i o n s h i p s  t h a t  a r e  synonomous w ith  f i x a t i o n  
and d ea th  o f  t h e  t i s s u e .
I t  was i n  a t t e m p t in g  to  r e d u c e  t h e s e  v a r io u s  
f a c t o r s  t o  a minimum t h a t  f r e e z e - d r y i n g  was in tr o d u c e d  
an d , a s  t h e  p o s s i b l e  l o s s  o f  h y a lu r o n ic  a c i d  and c h o n d r o i t i n  
s u l p h a t e  from t h e  t i s s u e s  u s e d  i n  t h i s  i n v e s t i g a t i o n  was 
im p o r ta n t ,  i t  was d e c id e d  t o  u s e  f r e e z e - d r y i n g  t o  p r e p a r e  
t h e  t i s s u e s  f o r  e x a m in a t io n .
i
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When I  f i r s t  s t a r t e d  to  "build t h e  a p p a r a tu s  
ab ou t t o  h e  d e s c r i b e d  t h e  p u b l i c a t i o n s  o f  Malmstrom ( 1 9 3 1 ) ,
G ersh ( 1952) and P e a r s e  ( 1 9 5 3 )  had n o t  y e t  a p p ea red  and  
t h e r e  was n o t  a v a i l a b l e  i n  c o n c i s e  form  t h e  w e a l t h  o f  
t h e o r e t i c a l  d a ta  p r e s e n t e d  b y  them . I  g le a n e d  what 
in fo r m a t io n  I  c o u ld  from th e  p u b l i c a t i o n s  a v a i l a b l e ,  and  
from t e x tb o o k s  o f  k i n e t i c  t h e o r y ,  b u t  my k n ow led ge  o f  t h e  
problem s in v o l v e d  was n o t  a t  a l l  c l e a r  i n  my mind u n t i l  I  
s t a r t e d  c o r r e s p o n d in g  w ith  D r . Knud Max M oH er o f  t h e  
G a r lsb e r g  L ab o ra to r iu m  Denmark. H is l u c i d  e x p l a n a t i o n ,  i n  
th e  c o u r s e  o f  t h i s  c o r r e s p o n d e n c e ,  o f  t h e  b a s i c  th e o r y  
in v o lv e d  h e lp e d  me c o n s id e r a b l y  i n  f o r m u la t in g  my own id e a s  
o f  t h e  s u b j e c t ,  and I  would h e r e  l i k e  to  e x p r e s s  my a p p r e c i a t i o n  
to  h im .
( 4 4 )
( 10) H i s t o r y  o f  f r e e z e  d r y i n g .
A ltm a m  ( 1 8 9 0 )  was t h e  f i r s t  p e r s o n  to  u s e  f r e e z e -  
d r y in g  f o r  t h e  p r e s e r v a t i o n  o f  t i s s u e s  and h i s  m ethod,  
i n e f f i c i e n t  though  i t  w as , was u se d  b y  Mann ( 1902) and  
p erh a p s  b y  o t h e r s .
I t  was n o t  how ever u n t i l  G ersh ( 1 932)  in t r o d u c e d  
h i s  f r e e z e - d r y i n g  a p p a r a tu s  t h a t  t h e  method becam e a 
p r a c t i c a l  p r o p o s i t i o n .  H is  l e a d  was f o l l o w e d  by o t h e r s  
( S c o t t ,  1933; G oodspeed and U b er , 1934; H o err ,  I9 3 6 ; S c o t t  
and W il l ia m s ,  1936; P acker  and S c o t t ,  I 9 I42; G ersh , 191-iS;
Wang and Grossm an, I9 U9 ; G l i c k ,  19k9 ; Mendelow and H a m ilto n ,  
1950; J e n n in g s ,  1951; S t o w e l l ,  1951; Malmstrom and G l i c k ,
1952; P e a r s e ,  1953; M o l le r ,  1953; and Andrew and H a le ,  1 9 5 3 ,  
1 9 5 4 . )
T h e se  v a r io u s  d e s ig n s  d i f f e r e d  i n  many ways and t h e  
d e t a i l s  o f  them w i l l  b e  c o n s id e r e d  i n  a l a t e r  c h a p t e r .
( c )  T heory  o f  f r e e z e - d r y i n g .
A lth o u g h  t h e  e a r l i e r  ty p e s  o f  a p p a r a tu s  p rod u ced  
good f i x a t i o n  and d r y in g  t h e  t h e o r y  o f  t h e  s u b j e c t  rem ained  
c o n fu se d  i n  t h e  minds o f  b i o l o g i s t s  f o r  many y e a r s .  P r e e z e -  
d r y in g  o f  i n t a c t  t i s s u e s  i s  n o t  q u i t e  so  s im p le  a s  f r e s z e -  
d r y in g  o f  s o l u t i o n s  or s u s p e n s io n s  a s  p r a c t i s e d  i n  b io c h e m ic a l  
and i n d u s t r i a l  b u lk  p r e s e r v a t i o n .  A t i s s u e  i s  a much more 
com plex  s y s te m  than a s o l u t i o n  or s u s p e n s io n  and a s  su c h  must  
b e  t r e a t e d  b y  much more c o m p l ic a te d  p r o c e s s e s .  A lth o u g h
( b5)
t h e s e  e a r l i e r  m ethods v/ere s u c c e s f u l  t h e y  were v e r y  
c o m p l ic a t e d  or  d e f i c i e n t  i n  some r e s p e c t  and t h e  t im e s  
r e q u ir e d  fo r  d r y in g  w ere  u n n e c e s s a r i l y  l o n g .  I f  t h e  
b a s i c  t h e o r e t i c a l  p r i n c i p l e s  a r e  u n d e r s to o d  a c o m p a r a t iv e ly  
s im p le  a p p a r a tu s  c a n  b e  d e s ig n e d  and b u i l t  which w i l l  dry  
t i s s u e s  i n  a v e r y  s h o r t  p e r io d  o f  t im e .
The o b j e c t  o f  f r e e z e - d r y i n g  i s  t o  f i x  th e  m a t e r i a l  
a s  q u i c k l y  a s  p o s s i b l e  a f t e r  t h e  d e a th  o f  t h e  a n im a l and t o  
keep  i t  f i x e d  u n t i l  d e h y d r a te d ,  w ith  t h e  minimum o f  rem oval  
or a l t e r a t i o n  o f  i t s  c o n s t i t u e n t s .
( i )  P r i n c i p l e .  I f  a t i s s u e ,  or any s u b s t a n c e ,  i s  f r o z e n  i n  
o rd er  t o  f i x  i t ,  i c e  w i l l  v a p o u r is e  o f f ,  a t  room te m p e r a tu r e ,  
u n t i l  e v e n t u a l l y  a l l  w a ter  i s  l o s t .  In  t h e  p r o c e s s  o f  
l o s i n g  i c e  b y  v a p o u r i s a t i o n  t h e  t i s s u e  w i l l  h e a t  u p , t h e  i c e  
w i l l  m e l t  and th e  t i s s u e  w i l l  no lo n g e r  b e  f r o z e n .  Thus th e  
t i s s u e  must b e  k e p t  f r o z e n  in  ord er  to  keep  i t  f i x e d .  When 
th e  t i s s u e  i s  f r o z e n  t h e  r a t e  o f  w ater  l o s s  from v a p o u r i s a t i o n  
o f  i c e ,  a t  a tm o sp h e r ic  p r e s s u r e ,  i s  n e g l i g i b l e  and i n  o r d e r  
to  i n c r e a s e  t h e  r a t e  o f  l o s s  t h e  p r e s s u r e  must b e  lo w e r e d .
Most s o l u t i o n s  when f r o z e n  and s u b j e c t e d  to  a vacuum w i l l  
rem ain  f r o z e n  b e c a u s e  o f  t h e i r  v e r y  h ig h  h e a t  l o s s  from r a p id  
s u b l im a t io n  o f  th e  i c e  a t  t h a t  lo w ered  p r e s s u r e ,  as lo n g  as  
t h e  w a ter  vapour p rod u ced  i s  removed from t h a t  e n v ir o n m e n ta l  
vacuum. Thus o n ce  f r o z e n  and s u b j e c t e d  to  a vacuum, from  
which t h e  w a ter  vapour i s  c o n t in u o u s ly  removed, t h e y  w i l l  
rem ain  f r o z e n  u n t i l  d r y ,  when t h e y  w i l l  h e a t  up t o  room
( 4 6 )
t e m p e r a t u r e .  T i s s u e s  however h a v e  a v e r y  low  r a t e  o f  
s u b l i m a t i o n  and a f a i r l y  h ig h  h e a t  g a i n  from  t h e i r  
en v iron m en t and th u s  i f  f r o z e n  and p la c e d  i n  a vacuum f r e e  
from w a ter  vapour t h e y  w i l l  n o t  s t a y  f r o z e n  b u t  w i l l  h e a t  
up to . t h e  e n v ir o n m e n ta l  t e m p e r a tu r e .  Thus th e y  must b e  k e p t  
f r o z e n  b y  p l a c i n g  them i n  a v e r y  c o ld  e n v ir o n m a it .
( i i )  T em perature  o f  th e  t i s s u e .  I f  t h e  t i s s u e  i s  to  b e  
k e p t  f r o z e n  u n t i l  d r i e d  what th e n  i s  t h e  b e s t  tem p e r a tu r e  
a t  w hich  to  keep  i t ?  Altm ann ( 1 8 9 0 )  u se d  - 2 0 °  t o  - 3 0 °  G. 
and s i n c e  th e n  v a r io u s  f i g u r e s  h a v e  b e e n  s u g g e s t e d .  T h is  
d i f f e r e n c e  o f  o p in io n  as t o  t h e  b e s t  tem p e r a tu r e  f o r  
p r e s e r v a t i o n  w h i l e  d r y in g  (G e r s h ,  1932; S c o t t ,  1933; P a ck er  
a n d ' S c o t t ,  19^2 ) c e n t r e s  round th e  argument ab ou t t h e  e u t e c t i c  
p o in t  o f  t i s s u e  m ix t u r e s .
When a m ix tu r e  o f  two l i q u i d s  i s  c o o le d  one o f  t h e
components w i l l  f r e e z e  out f i r s t  and w i l l ,  i n  so  d o in g ,
c o n c e n t r a t e  th e  o th e r  com ponent. When t h i s  happens t h e
f r e e z i n g  p o i n t  i s  lo? /ered  and i f  c o o l i n g  i s  c o n t in u e d  t h e
te m p era tu re  i s  e v e n t u a l l y  rea c h e d  w here b o th  com ponents f r e e z e
out s im u l t a n e o u s l y  and. th e  w hole  mass th e n  s o l i d i f i e s  w ith o u t
a f u r t h e r  f a l l  i n  t e m p e r a tu r e .  T h is  i s  t h e  e u t e c t i c  p o i n t .
The p r e s e n c e  o f  v a r io u s  s a l t s  i n  s o l u t i o n  m o d i f i e s  e u t e c t i c
p o i n t .  As t i s s u e s  c o n s i s t  o f  v e r y  com p lex  s a l t  s o l u t i o n s
whose e u t e c t i c  p o i n t s  ca n n o t  b e  a c c u r a t e l y  d e term in ed
t h i s  d i s c u s s i o n  a s  t o  t h e  e x a c t  te m p e r a tu r e  i s  r a t h e r  
i r r e l e v a n t  b u t  i t  w i l l  b e  s e e n  t h a t  t h e  lo w er  t h e  te m p e r a tu r e
( 4 7 )
t h e  b e t t e r  ch a n c e  t h e r e  i s  o f  good p r e s e r v a t i o n .  The 
te m p e r a tu r e  o f  t h e  t i s s u e  i s  a l s o  im p o rta n t  i n  r e l a t i o n  
t o  th e  d e g r e e  o f  vacuum u se d  and w i l l  a g a in  b e  d i s c u s s e d  
under t h a t  h e a d in g .  T h e o r e t i c a l l y  a c c o r d in g  to  t h e  
p o s s i b l e  e u t e c t i c  p o in t  o f  t i s s u e  i t  s h o u ld  b e  d r i e d  a t  
-50°G  b u t  no harm seems to  b e  p roduced  b y  d r y in g  a t  - 3 0 °G .
I f  th e  t i s s u e  was n o t  k e p t  a t  or b e lo w  t h e  e u t e c t i c  p o in t  
w h i l e  d r y in g  th e n  t h e  s e p a r a t i o n  o f  s a l t s  m ight c a u s e  a 
h i g h l y  l o c a l i s e d  d i f f u s i o n  a r t e f a c t  w i t h i n  t h e  c e l l s .
When t h e  t i s s u e s  a r e  k ep t  f r o z e n  and under a 
vacuum th e y  w i l l  o n ly  l o s e  w a te r  i f  t h e  w a ter  vapour p r e s s u r e  
o f  t h e i r  i c e  i s  g r e a t e r  th a n  th e  w ater vapour p r e s s u r e  o f  
t h e i r  e n v ir o n m e n t ,  i . e .  i f  t h e  vacuum i s  k e p t  r e l a t i v e l y  f r e e  
o f  w a ter  v a p o u r .  How t h e  w ater  vapour i n  a vacuum ca n  b e  
red u ced  b y  two m eth o d s ,  ( a )  b y  c h e m ic a l  d e s i c c a n t s  or ( b )  
b y  c o n d e n s a t io n  i n  a c o ld  w a l l  t r a p .
( i i i )  Water vapour r e m o v a l .  The two m ethods o f  d e s i c c a t i o n  
m en tio n ed  a b ove  ca n  b e  a p p l i e d  i n  two d i f f e r e n t  ways and i t  
i s  t h a t  t h a t  I  s h a l l  d i s c u s s  now.
I f  any vacuum s y s te m  i s  u se d  i t  m ust b e  c o n t in u o u s l y  
e v a c u a te d  b y  a pump i n  o rd er  t o  remove a l l  t h e  g a s e s ,  
ab sorb ed  on t h e  s u r f a c e s  o f  th e  systern and b e in g  produced  
b y  th e  t i s s u e ,  w hich  a r e  f r e e d  and te n d  t o  d e s t r o y  t h e  
vacuum. T h is  c o n t in u o u s  pumping and r e l e a s e  o f  g a s e s  
c a u s e s  1 s tream ing* tow ards th e  pump and i f  w ater  vapour i s
( i4S)
t o  "be removed "by a c h e m ic a l  d e s i c c a n t  or a c o l d  tr a p  t h e y  
ca n  h e  in tr o d u c e d  i n t o  th e  s y s t e m  a t  any p o i n t  b e tw e e n  
t h e  t i s s u e  and t h e  pump. I f  t h i s  method o f  d r y in g  i s  to  
h e  u se d  two c r i t e r i a  must h e  s a t i s f i e d  i f  t h e  s y s t e m  i s  
g o in g  to  h e  a t  a l l  e f f i c i e n t .
F i r s t l y  t h e  sw ep t vo lu m e, i . e .  t h e  volume o f  gas  
removed from  a s y s t e m  i n  a g iv e n  t im e ,  o f  th e  pump must h e  
s u f f i c i e n t l y  h ig h  to  remove a l l  th e  gas  p ro d u ced  i n  t h e  s y s te m  
i n  t h a t  t i m e .  A c c o r d in g  t o  P a ck er  and S c o t t  ( I 9 U2 ) 1 s q .c m .  
o f  i c e  a t  a te m p e r a tu r e  o f  - 6 0 °  0 . amd a t  a p r e s s u r e  o f  10~°mm 
o f  m ercury w i l l  g i v e  o f f  1 ,6 0 0  l i t r e s  per  s e c o n d .  T h is  
f i g u r e  i s  f o r  i c e  and t h a t  f o r  t i s s u e  w i l l  h e  lo w e r ,  a c c o r d in g  
to  § e r s h  ( 1 9 5 2 ) ,  h u t  even  though i t  i s  t h e  volume o f  gas to  h e  
c l e a r e d  i n  a g iv e n  t im e  w i l l  h e  v e r y  l a r g e .  To cop e  w ith  
t h i s  v e r y  l a r g e  volum e a m ercury or o i l  d i f f u s i o n  pump 
h a ck ed  h y  a m e c h a n ic a l  pump w i l l  h a v e  to  h e  u s e d  t h e r e b y  
in t r o d u c in g  a c o s t l y  and c o m p lic a te d  a p p a r a t u s .
S e c o n d ly  t h e r e  must h e  s u f f i c i e n t  c h e m ic a l  d e s i c c a n t  
or  s u f f i c i e n t  a r e a  o f  c o ld  tr a p  a v a i l a b l e  to  absorb  a l l  t h e  
w a te r  p ro d u ced  h y  t h e  s y s t e m .
I f  b o th  o f  t h e s e  c r i t e r i a  a r e  s a t i s f i e d  th e n  a  
* s tream in g*  sy s te m  o f  w ater  vapour rem oval f r i l l  h e  q u i t e  
e f f i c i e n t .
I f  t h e  c h e m ic a l  d e s i c c a n t  or  t h e  c o l d  w a l l  t r a p  i s  
p l a c e d  c l o s e  to  th e  t i s s u e  b e i n g  d r i e d  t h e n  t h e  e f f i c i e n c y
C ij-9)
o f  th e  s y s t e m  d o es  n o t  depend on th e  sw ep t volum e o f  th e  
pumpibut w i l l  depend on th e  mean f r e e  p a th  o f  t h e  w a ter  
m o le c u le s  l e a v i n g  t h e  i c e  o f  t h e  t i s s u e .
The mean f r e e  p a th  o f  any  gas I s  an  e s t i m a t e  o f  
t h e  a v e r a g e  d i s t a n c e  t h a t  two o r  more m o le c u le s  o f  th a t  gas  
w i l l  t r a v e l ,  a t  a p a r t i c u l a r  p r e s s u r e ,  "before t h e y  w i l l  
c o l l i d e  and th u s  h e  a r r e s t e d  i n  t h e i r  movement. I f  th e  mean 
f r e e  p a th  i s  g r e a t e r  th a n  t h e  d i s t a n c e  from t h e  t i s s u e  to  
t h e  d e s i c c a t o r  th e n  t h e  r a t e  o f  movement o f  w a ter  from  t i s s u e  
to  d e s i c c a t o r  w i l l  h e  h i g h . The mean f r e e  p a th  i s  dependant  
on t h e  vacuum: The lo w e r  t h e  p r e s s u r e  th e  g r e a t e r  t h e  mean
f r e e  p a t h .  The a p p ro x im a te  mean f r e e  p a th  o f  w a ter  m o le c u le s  
a t  a p r e s s u r e  o f  10“  ^ mm H g. i s  5 mm, a t  10"^ mm H g . , 50 mm 
and a t  10 mm H g . ,  800cm . Thus d ep en d in g  on t h e  d e g r e e  o f  
vacuum u se d  t h e  t i s s u e  can h e  c l o s e r  or f u r t h e r  from th e  
d e s i c c a t o r  a s  lo n g  as  th e  d i s t a n c e  from t h e  t i s s u e  to  th e  
d e s i c c a t o r  i s  l e s s  th a n  t h e  mean f r e e  p a th  a v a i l a b l e #
I f  t h e r e  i s  s u f f i c i e n t  d e s i c c a n t  a v a i l a b l e  and i t  
l i e s  c l o s e  enough to  t h e  t i s s u e  th e n  t h i s  p r o v id e s  a v e r y  
e f f i c i e n t  and r a p id  method o f  rem oving 'Water from  t h e  
e n v iro n m o it  o f  t h e  t i s s u e .
( i v )  D e s i c c a t o r  r e q u ir e m e n ts .  The e f f i c i e n c y  o f  any  
d e s i c c a n t  depends on t h e  w a te r  vapour p r e s s u r e  a t  i t s  s u r f a c e .
The w a ter  vapour p r e s s u r e  o f  i c e  a t  - 3 0 ° C . i s  0 . 3  
mm Hg. A t -80°C  i t  i s  around k x  10“^ mm Hg. and
( 5 0 )
a t  - 1 9 5 ° 0  i t  i s  arou n d  3 x lO- 2 ^ mm Hg. Thus we s e e  t h a t
a s  t h e  te m p e r a tu r e  o f  an i c e  s u r f a c e  drops so  a l s o  d oes  
t h e  w a te r  vapour p r e s s u r e  a t  i t s  s u r f a c e .  I f  t h e  t i s s u e  i s  
h e l d  a t  a t e m p e r a tu r e  h ig h e r  th a n  t h a t  o f  th e  w a l l  o f  a c o ld  
tr a p  i t  w i l l  h a v e  a h i g h e r  vapour p r e s s u r e  and w a ter  w i l l  
move out o f  t h e  t i s s u e  en v iron m ent and w i l l  c o n d e n se  on th e  
w a l l  o f  t h e  c o ld  t r a p .  T h is  w i l l  r e d u c e  th e  s u r f a c e  p r e s s u r e  
a t  t h e  t i s s u e  and more w ater  w i l l  th e n  move o u t ,  and th e  
p r o c e s s  w i l l  h e  r e p e a t e d .
P r e v io u s  c o n s id e r a t i o n s  h a v e  shown t h a t  th e  t i s s u e  
may h e  held, a t  any  te m p era tu re  h et? /een  - 30°C . and - 8 0 °  0 . 
or low er w i th o u t  i t  com ing t o  an y  harm . I t  i s  o b v io u s ,  
from t h e  a b o v e  argu m en t, t h a t  t h e  h ig h e r  th© te m p e r a tu r e  o f  
th e  t i s s u e  t h e  g r e a t e r  w i l l  b e  t h e  w a te r  vapour p r e s s u r e  a t  
i t s  s u r f a c e .  Thus i f  th e  t i s s u e  i s  h e l d  a t  around - 3 0  ° 0 . 
and the  c o l d  w a l l  o f  t h e  vapour t r a p  i s  k e p t  a t  - 8 0 ° G .  or  
l e s s  th e n  t h e r e  w i l l  h e  an  a p p r e c i a b l e  g r a d ie n t  o f  vapour  
p r e s s u r e  from t h e  t i s s u e  to  t h e  c o l d  w a l l  and w a te r  w i l l  mov© 
o u t .  T h ere  i s  no g r e a t  a d v a n ta g e  i n  u s in g  a  te m p e r a tu r e  
b elow  - 8 0 °  0 . f o r  c o o l i n g  t h e  vapour t r a p  a s  th e  r e l a t i v e  
' d i f f e r e n c e s  i n  vapour p r e s s u r e  b e tw e e n  - 8 0 °  0 . and - 1 9 5 °  0 . 
i s  o n ly  t h e  d i f f e r e n c e  b e tw e e n  0 .GOOk and 0 .0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
00000003 mm Hg. w hich  i s  r e a l l y  an  i n f i n i t e s i m a l '  am ount.
I n  a d d i t i o n  t h e  u s e  o f  a v e r y  c o l d  r e f r i g e r a n t ,  s u c h  a s  
l i q u i d  n i t r o g e n ,  t o  p ro d u ce  a te m p era tu re  o f  - 1 9 5 °  anyWhar©
( 5 1 )
n e a r  t h e  t i s s u e ,  a s  r e q u ir e d  i n  an e f f i c i e n t  s y s t e m ,  means 
t h a t  a f a r  g r e a t e r  amount o f  e n e r g y  m ust "be p u t  i n t o  t h e  
t i s s u e  to  keep  i t  around - 3 0 °G . w here i t  w i l l  h a v e  an  
a p p r e c i a b l e  vapour p r e s s u r e ,  th a n  i f  t h e  e n v ir o n m e n ta l  
t e m p e r a tu r e  was o n ly  ~78°G . Malmstrom ( 1 9 5 1 )  c o n s id e r s  
t h e  r e d u c t i o n  o f  p a r t i a l  p r e s s u r e  o f f e r e d  h y  l i q u i d  n i t r o g e n  
w o r th w h ile  h u t  M o lle r  ( 1 9 5 2 )  a g r e e s  w ith  t h e  a b o v e  s t a t e m e n t .
When phosphorus p e n t  o x id e  i s  u se d  as  a d e s i c c a n t  
i t  i s  r e l a t i v e l y  e f f i c i e n t  when dry b e c a u s e  o f  i t s  low  
vapour p r e s s u r e  ( 10” ^mm H g . ) ,  b u t  i t  r a p i d l y  becom es  
s a t u r a t e d  w i th  w a ter  and l o s e s  i t s  e f f i c i e n c y  and must b e  
r e p l a c e d .
( v)  Vacuum r e q u ir e m e n ts .  I f  a d e h y d r a t in g  s y s te m  i s  
dependant on f s t r e a m in g 1 th e n  th e  vacuum r e q u ir e m e n ts  o f  
th e  pump a r e  a h ig h  sw ep t volum e and a p r e s s u r e  low  enough  
to  p erm it  r a p id  r e l e a s e  o f  w ater  from th e  i c e  i n  t h e  t i s s u e .  
I f  d e h y d r a t io n  i s  dependant on t h e  mean f r e e  p a th  th e n  o n ly  
a s u f f i c i e n t l y  low  p r e s s u r e ,  in d ep en d a n t  o f  sw ep t vo lu m e,  
i s  r e q u ir e d .
The d e g r e e  o f  p r e ssu r e :  r e q u ir e d  t o  p e r m it  
r a p id  movement o f  w a ter  out o f  a t i s s u e  i s  govern ed  b y  th e  
p r a c t i c a l  p o s s i b i l i t i e s  more th an  b y  t h e  t h e o r e t i c a l  ones  
b u t  i t  i s  v e r y  c o n v e n ie n t  t h a t  t h e s e  two do n o t  d i f f e r  
g r e a t l y .
The m ost e f f i c i e n t  p r e s s u r e  i s  g o v ern ed  b y  th e  
f a c t  t h a t  t h e  r a t e  o f  l o s s  o f  w ater  vapour from  a s u r f a c e
( 5 2 )
i n t o  a p e r f e c t  vacuum, a c c o r d in g  t o  k i n e t i c  th e o r y  i s  
g iv e n  "by
"  " ^  “ ' I * * '
where m i s  t h e  mass i n  gram s, M t h e  gram m o le c u la r  w e ig h t ,
E t h e  gas  c o n s t a n t ,  T t h e  a b s o l u t e  t e m p e r a tu r e ,  P t h e  
s a t u r a t e d  vapour p r e s s u r e  i n  dynes p er  cm. a n d o (  a c o n s t a n t .  
I f  vapour i s  p r e s e n t  ab ove  an i c e  s u r f a c e  a t  a p r e s s u r e  
o f  Py  t h e  r e s u l t a n t  l o s s  o f  i c e  i s  g iv e n  b y
m  -  oC ~  I V -  m " n  ■  ®
T  **
where r e p r e s e n t s  t h e  f r a c t i o n  o f  vapour m o le c u le s
which r e c o n d e n s e  on th e  i c e  s u r f a c e  and b o t h  Py  and t h e
s a t u r a t e d  vapour p r e s s u r e  P a r e  m easured  i n  mm o f  m ercu ry .s
For a w a ter  s u r f a c e  cC i s  a p p r o x im a te ly  0 . 0 1  b u t  i t s  v a lu e
f o r  i c e  i s  unknown. I f  P i s  292 m icron s  ( i t s  v a lu e  a ts  '
- 3 0 ° C .)  th en  n o t h in g  s i g n i f i c a n t  i s  g a in e d  b y  h a v in g  P 
l e s s  th a n  one m ic r o n ,  f o r  t h e i r  d i f f e r e n c e s  w ould n o t  b e  
a p p r e c ia b ly  i n c r e a s e d  even  though P w ere eq u a l to  z e r o .
At t h i s  p r e s s u r e  ( lju : 10*“^ mm H g .)  which can  b e  o b ta in e d  
w ith  an o r d in a r y  r o t a r y  pump th e  mean f r e e  p a th  o f  a w ater  
m o le c u le  i s  over  5 cm and th e  sw ep t volume i s  dependant on 
th e  pump c a p a c i t y .
( 5 3 )
Thus i r r e s p e c t i v e  o f  t h e  ty p e  o f  d e h y d r a t in g
sy s te m  u s e d ,  as  lo n g  as i t  i s  d e s ig n e d  to  conform  w ith
th e  r e q u ir e m e n ts  s t a t e d  p r e v i o u s l y ,  a p r e s s u r e  o f  l e s s  
- 3th a n  10 mm Hg. i s  n o t  r e q u ir e d  i f  P i s  k e p t  lo w er  th a n
v
P . Malmstrom ( 1 931)  s e t s  t h i s  minimum p r a c t i c a l  p r e s s u r eS
- 5Pv  a t  10 mm Hg. and i n  d i s c u s s i n g  e q u a t io n  ( 2 )  shows t h a t  
th e  r a t e  o f  e v a p o r a t io n  r a p i d l y  i n c r e a s e s  w ith  r i s i n g  
te m p e r a tu r e  ( T )  and t h a t  a r a p id  r i s e  o c c u r s  ab ove  -L|.0°G.
Thus t h e  t i s s u e  s h o u ld  h e  h e l d  s l i g h t l y  a b o v e  t h i s  t e m p e r a tu r e ,  
w hich h a s  p r e v i o u s l y  b e e n  shown t o  b e  s u i t a b l e  i n  o t h e r  
r e s p e c t s .
T h e o r e t i c a l l y  t h e r e  i s  a s l i g h t  improvement i n  
e f f i c i e n c y  i f  a v e r y  h ig h  vacuum ( 10~^mm H g .)  s y s te m  i s  
u sed  b u t  t h e r e  i s  no p r a c t i c a l  a d v a n ta g e .  T h is  i s  so  b e c a u s e  
th e  m ain r e s i s t a n c e  t o  r a p id  d e h y d r a t io n  i s  p roduced  b y  t h e  
t i s s u e  i t s e l f .  A c co rd in g  t o  G-ersh ( 1 952)  when t i s s u e  i s  
f r o z e n ,  i c e  s e p a r a t e s  o u t .  I n  s o  d o in g ,  t h e  c y to p la s m  i s  
deform ed and p e c u l i a r  i c e - c r y s t a l  com partm ents a r e  formed  
which g i v e  a honeycomb e f f e c t .  The w a l l  o f  t h e  com partm ents  
i s  n o t  c o n t in u o u s  b u t  i s  in t e r r u p t e d  b y  a s e r i e s  o f  s u b -  
m ic r o s c o p ic  a p e r t u r e s .  The n e t  t r a n s f e r  o f  w a ter  vapour  
through  t h e  ap ertu res  depends on th e  d i f f e r e n c e  i n  i t s  d e n s i t y  
on b o th  s i d e s  o f  each  compartment w a l l .  As t h e r e  i s  no  
n e t  t r a n s f e r  i n  d i r e c t i o n s  p a r a l l e l  t o  t h e  i c e - v a p o u r  i n t e r f a c e ,  
one must c o n s id e r  t h a t  d r y in g  ta k e s  p l a c e  th rou gh  a s e r i e s  o f  
l o n g ,  t o r t o u s  t u b e s ,  p e r p e n d ic u la r  t o  t h e  i c e - v a p o u r  i n t e r f a c e
( 5U)
and s e p a r a t e d  i n t o  compartments o f  p orou s  membranes.
T h is  s e r i e s  o f  lo n g  m icro tu b e s  sh o u ld  o f f e r  a c o n s i d e r a b l e  
r e s i s t a n c e  t o  th e  d i f f u s i o n  o f  w ater v a p o u r , a r e s i s t a n c e  
w hich  i n  f a c t  e x c e e d s  t h a t  o f  t h e  r e s t  o f  t h e  vacuum l i n e  
under o r d in a r y  c o n d i t i o n s .
Dr.G-ersh p r e s e n t s  t h e  e x p r e s s i o n
» » 0 X  +  - V j T -  *  f t b ' " 0 * )   ®
w here r 0 i s  t h e  r e s i s t a n c e  to  d i f f u s i o n  due to  t h e  a p p a r a t u s , 
X i s  t h e  t h i c k n e s s  o f  t h e  d ry  s h e l l  o f  th e  t i s s u e ,  r% i s  
t h e  r e s i s t a n c e  to  d i f f u s i o n  due to  t h e  t i s s u e ,  ps  I s  t h e  
p r e s s u r e  o f  s a t u r a t e d  vapour a t  th e  te m p era tu re  o f  t h e  
i n t e r f a c e  and t-j -  t 2 i s  t h e  t im e  o f  d r y i n g .  By a c t u a l  
experim ents h e  show ed th a t  r^  was a p p r o x im a te ly  x 10 mm 
H g ./h r /g m /c m • T h at i s  t h e  r e s i s t a n c e  to  d i f f u s i o n  c a u se d  
by a s h e l l  o f  d r i e d  t i s s u e  1 cm t h i c k  was ab ou t 100 ,000  
t im e s  t h a t  o f  t h e  r e s t  o f  t h e  a p p a r a t u s # A s h e l l  o f  d r i e d  
t i s s u e  1 mm t h i c k  w ould h a v e  a r e s i s t a n c e  t o  d i f f u s i o n  o f  
ab o u t  10 ,000  t im e s  t h a t  o f  t h e  r e s t  o f  t h e  a p p a r a t u s .  T h e se
j ,
e s t i m a t e s  a p p l i e d  when a vacuum o f  ab ou t 10 Hg. was 
b e i n g  u s e d .  W ith a lo w e r  vacuum, t h e  r e l a t i v e  r e s i s t a n c e  
to  d i f f u s i o n  o f  t h e  r e s t  o f  t h e  a p p a r a tu s  w i l l  in c r e a se #
For exam ple a t  a custom ary p r e ssu r e  o f  10 "ram H g. t h e  
r e s i s t a n c e  o f  t h e  s h e l l  o f  d r i e d  t i s s u e  t o  d i f f u s i o n  would  
b e  a p p r o x im a te ly  4  t l r .e s  t h a t  o f  t h e  r e s t  o f  th e  a p p a r a t u s .
Ih u s  t h e r e  a p p ea rs  to  ho no a d v a n ta g e  in  u s i n g  a vacuum
w here r i s  t h e  r a d iu s  o f  th e  t u b in g  th rou gh  w hich  th e  gas  
f lo w s  L i s  th e  l e n g t h  o f  p a th  from sam ple  to  t r a p ,  i s
t h e  a c t u a l  p r e s s u r e  in  the  s y s t e m ,  p 2 I s  t h e  p a r t i a l  p r e s s u r e  
a t  t h e  tr a p  and 'when r i s  s m a l l  compared to  t h e  mean f r e e  
p a th  a v a i l a b l e ,  f o r  exam ple 3 cm, s t a t e s  t h a t  i f  p-j i s  assum ed  
to  b e  so  s m a l l  t h a t  i t  can  b e  n e g l e c t e d ,  as  c o n s id e r e d  a b o v e ,  
and L i s  s m a l l e r  th an  r ,  th e n  t h e  d ia m e te r  o f  th e  t u b in g  
( 2r) u se d  i s  a v e r y  im p o rta n t  f a c t o r  in  g o v e r n in g  th e  d r y in g  
t im e  o f  t h e  t i s s u e .  He s t a t e s  t h a t  i t  i s  an und ou b ted  
a d v a n ta g e  t o  h a v e  a s  la r g e  a r a d iu s  a s  p o s s i b l e  as  lo n g  as  
t h e  pumping s p e e d  i s  good enough t o  p rod u ce  t h e  req u ire d  
vacuum a t  t h i s  r a d iu s , and t h i s  d e g r e e  o f  vacuum makes L 
s m a l le r  th a n  r .
( Pr e v i o us  d e s ig n s *
A ltrm nn in tr o d u c e d  fr e e z e -d r y in g  in  1890 and t h e
lo w er  th a n  10~^mm Hg.
Malmstrora ( 1 9 3 1 )  in  co n s id er in g *  Knuds ©nf s  
eq u ation ( ■L)
( 1 )  I n t e r n a t i o n a l  c r i t i c a l  t a b l e s #  V o l  XXX p#383#
( 5 6 )
e s s e n c e  o f  h i s  t e c h n iq u e  was t h a t  h e  f r o z e  t h e  t i s s u e  and  
k e p t  i t  a t  - 20°  G. i n  vacuo o v e r  s u lp h u r ic  a c i d  u n t i l  i t  
was d r y .  T h is  method was a d v o a a te d  h y  Mann ( 1 9 0 2 )  who d r ie d  
th e  t i s s u e  a t  - 3 0 °C .
The m ethod was r e - i n v e s t i g a t e d  h y  G-ersh i n  1932 and  
p u t on a more p r a c t i c a l  h a s i s  . H is apparatus, depended  on  
th e  p r o d u c t io n  o f  a v e r y  high, vacuum and l a r g e  sv /ept vo lu m e,  
produced  h y  a d i f f u s i o n  and a m e c h a n ic a l  pump, and d e h y d r a t io n  
was c a r r i e d  out h y  s tr e a m in g  over  a phosphorus p e n t o x id e  tr a p  
p la c e d  schme c o n s id e r a b l e  d i s t a n c e  from t h e  t i s s u e .  The t i s s u e  
was h e l d  i n  a tu h e  immersed i n  a r e f r i g e r a n t  a t  -1+0°G. The 
c o m p lic a te d  g l a s s  tu h in g  s y s te m  was lo n g  and n a rro w , thus  
i n c r e a s i n g  t h e  r e s i s t a n c e  t o  d i f f u s i o n ,  and t h e  h ig h  vacuum 
u se d  was o b v i o u s l y  in s e p a r a b l e  from  th e  h ig h  sw ep t volume  
r e q u ir e d  i n  such  a s y s t e m .  The d r y in g  t im e  was v e r y  l o n g .
The a p p a r a tu s  u se d  h y  S c o t t  ( 1 9 3 3 )  f o r  m i c r o c i n c i n e r a t -
io n  s t u d i e s  was e s s e n t i a l l y  t h a t  o f  G-ersh and no f u r t h e r
d e t a i l s  w ere g i v e n .  G oodspeed and Uber ( I 9 3 I+) im proved on
t h i s  ty p e  o f  a p p a r a tu s  b y  p r o d u c in g  a much s im p le r  and
in e x p e n s iv e  ty p e  w hich  depended on d e h y d r a t io n  h y  a b s o r p t io n
on to  t h e  p h osphorus p e n t o x id e  c o v e r e d  w a l l s  o f  t h e  tu h e  i n  w hich
th e  t i s s u e  was l y i n g .  The t i s s u e  tu h e  'was immersed i n  a
r e f r i g e r a t o r ,  a t  b e tw e e n  - 3 2  and -2 2 ° G . The t u h in g  was s h o r t
■z w a s
and t h e  vacuum ( 10“ ^ mm H g .)  p rod u ced  h y  a m e c h a n ic a l  pump
A
o n l y .  The d i s t a n c e  from t i s s u e  t o  d e s i c c a n t  was w i t h in  t h e  
mean f r e e  p a th  a v a i l a b l e  i n  th e  sy s te m  as th e  auifchors s t a t e d .
( 3 7 )
The d r y in g  t im e  was s a i d  to  h e  X -  2 w e e k s .  T h is  ap p eared  
to  h e  a r e a s o n a b ly  e f f i c i e n t  s y s t e m .
H oerr ( 1 9 3 6 ) p ro d u ced  a r a t h e r  c o n f u s e d  argument about  
v a r io u s  d e t a i l s  o f  f r e e z e - d r y i n g  and m en tio n ed  o n ly  c e r t a i n  
p o i n t s  ab ou t h i s  own a p p a r a t u s .  I t  r e q u ir e d  one m e c h a n ic a l  
and t h r e e  d i f f u s i o n  pumps to  p ro d u ce  a vacuum o f  10“  ^ mm Hg. 
i n  a tu b in g  s y s te m  o f  unknown d im e n s io n s .  He u se d  
p h osp h oru s  p e n t o x id e ,  p la c e d  some d i s t a n c e  from t h e  t i s s u e ,  
as  a d e s i c c a n t  and s t a t e d  t h a t  i t  r e q u ir e d  t o  b e  changed  
s e v e r a l  t im e s  d u r in g  a r u n . He a l s o  u se d  a c o ld  w a l l  t r a p  
some d i s t a n c e  from  t h e  t i s s u e  and s t a t e d  th a t  s o l i d  carb on  
d i o x i d e  was a p oor  d e s i c c a n t  i n  t h e  t r a p  b u t  l i q u i d  a i r  
was g o o d .  He h e l d  t h e  t i s s u e  a t  - 3 3 ° 0 .  and to o k  2 -3  days  
t o  d ry  i t .  He makes no m en tio n  o f  a tem p era tu re  r e g u l a t o r  
or th e  t y p e  o f  r e f r i g e r a n t  u s e d .
S c o t t  and W ill ia m s ( 1 9 3 6 )  produced  th e  a p p a ra tu s  
w hich  has become t h ^  m odel f o r  many o th e r  u n p u b lis h e d  t y p e s .  
I t  was h a s i c a l l #  s im p le  and depended  on t h e  p r o d u c t io n  o f  
a vacuum o f  10“ 3 mm Hg. b y  a m e c h a n ic a l  pump. The t i s s u e  
was h e l d  i n  t h e  c e n t r e  o f  a h e a t e r  so  t h a t  t h e  d i s t a n c e  
from t h e  t i s s u e  to  t h e  w a l l  o f  t h e  tu b e  i n  w hich i t  was 
l y i n g  was l e s s  th a n  th e  mean f r e e  p a th  a v a i l a b l e .  Thus 
th e  t i s s u e  d r i e d  by s u b l im a t io n  to  th e  w a l l  o f  t h e  tu b e  
w hich  was c o o le d  to - 7 8 ° 0 .  b y  a m ix tu r e  o f  s o l i d  carb on  
d i o x i d e  and a l c o h o l .  T here  was how ever no p r o v i s i o n  fo r
( 5 8 )
I
p r e v e n t i n g  w a t e r ,  n o t  tr a p p e d  b y  t h e  c o l d  w a l l  from  
d i f f u s i n g  i n t o ,  and th e n  p erh ap s  b a ck  from  t h e  g e n e r a l  
t u b in g  s y s t e m .  T h is  would c a u s e  i n c r e a s e d  d r y in g  t im e  
b e c a u s e  o f  i n e f f i c i e n t  vapour t r a p p in g  and u n l e s s  a 
ph osp h oru s  p e n t o x id e  tr a p  was p la c e d  b e tw e e n  t h e  t i s s u e  
h o l d e r  and t h e  pump m igh t  c a u s e  damage to  t h e  pump. The 
te m p e r a tu r e  o f  th e  t i s s u e  depended  on th e  e n e r g y  p r o d u c t io n  
i n  t h e  h e a t e r  Vvhich was r e g u l a t e d  b y  an a l c o h o l - m e r c u t y  
t h e r m o s t a t .  No means o f  m ea su r in g  th e  vacuum was fou nd  
n e c e s s a r y  or  d e s i r a b l e .  T h is  ap p ea red  t o  b e  a w e l l  
c o n s id e r e d  p r a c t i c a l  a t te m p t  to  d e s ig n  an e f f i c i e n t  s y s t e m .
P acker  and S c o t t  ( 19^2 ) p rod u ced  a v e r y  c o m p l ic a t e d  
a p p a ra tu s  w hich  r e q u ir e d  a m e c h a n ic a l  and two d i f f u s i o n  pumps 
t o  p ro d u ce  a Vacuum o f  10” ^ mm Hg. The te m p e r a tu r e  
r e g u l a t i n g  m echanism , which was a gas e x p a n s io n  chamber 
l y i n g  around t h e  tu b e  i n  w hich  th e  t i s s u e  l a y ,  was c o m p lic a te d  
and d r y in g  depended on s tr e a m in g  o v e r  p hosphorus p e n t o x id e  
p la c e d  some d i s t a n c e  from th e  t i s s u e .  I t  was open t o  th e  
same o b j e c t i o n s  as  t h a t  o f  G-ersh. They made an a t te m p t  t o  
d e te r m in e  'when t h e  t i s s u e  was dry  by m ea su r in g  t h e  p r e s s u r e  
g r a d ie n t  a lo n g  t h e  tu b in g  w h i le  w ater  vapour was s t i l l  
coming o f f  t h e  t i s s u e .  T his  was done b y  u s in g  two i o n i z a t i o n  
gu ages  i n s e r t e d  a t  d i f f e r e n t  ends o f  t h e  t u b in g .  T h e se  
g ave  d i f f e r e n t  r e a d in g s  u n t i l  w ater  vapour s to p p e d  coming  
o f f  when t h e  r e a d in g s  e q u a l i s e d .  T h is  d fcv ice  was c o m p l ic a t e d ,  
e x p e n s iv e  and o f  d o u b t f u l  e f f i c i e n c y .  T h is  a p p a ra tu s
( 5 9 )
i s  a l s o  d e s c r i b e d  b y  H oerr and S c o t t  ( X9 2+7) •
G-ersh p ro d u ced  a new a p p a ra tu s  i n  1 9 4 8 .  I t
r e q u ir e d  a m e c h a n ic a l  and a vapour pump to  p ro d u ce  a vacuum  
c
o f  10""° mm Hg. i n  a v e r y  lo n g  narrow  t u b in g  s y s t e m .  The  
t i s s u e  tu b e  was immersed i n  a r e f r i g e r a t o r  a t  t h e  r e q u ir e d  
t e m p e r a tu r e  and d r y in g  depended  on s t r e a m in g  o v e r  ph osp h oru s  
p e n t o x id e  w hich  la y  a t  some d i s t a n c e  from th e  t i s s u e .  The 
p r e s s u r e  was m easured w ith  a McLeod g u a g e .  T h is  a p p ea rs  t o  
b e  m e r e ly  a s l i g h t  m o d i f i c a t i o n  o f  h i s  o r i g i n a l  d e s i g n .
In  1949 Wang and Grossman p ro d u ced  a v e r y  s im p le  
a p p a ra tu s  t h a t  was a c o m b in a t io n  o f  t h e  G oodspeed and tfber 
and t h e  H oerr t y p e s .  I t  r e q u ir e d  a m e c h a n ic a l  and. 
d i f f u s i o n  pump t o  p r o v id e  a vacuum o f  10*”  ^ mm H g. The
tu b in g  was s h o r t  and. d r y in g  was d ependant p a r t i a l l y  on  
s u b l im a t io n  t o  t h e  c h e m ic a l  d e s i c c a n t  l y i n g  v e r y  c l o s e  t o  
t h e  t i s s u e  and p a r t l y  on s tr e a m in g  to  a c o ld  t r a p  was 
p la c e d  some d i s t a n c e  aw ay. The te m p e r a tu r e  o f  t h e  t i s s u e  
was c o n t r o l l e d  by c h a n g in g  t h e  r e f r i g e r a n t  i n  w hich  th e  
t i s s u e  tu b e  was im m ersed . I t  was n o r m a lly  h e l d  a t  - 3 1 ° 0 . 
The vacuum was m easured b y  a h ig h  f r e q u e n c y  s p a r k  c o i l .
No means o f  embedding t h e  t i s s u e  ¥ / i th in  t h e  a p p a r a tu s  was 
p r o v id e d .
Mendelow and H am ilton  ( 1 9 3 0 )  p rod u ced  t h e  f i r s t  
* c o ld  f in g e r *  ty p e  o f  a p p a r a tu s  which c o n s i s t e d  o f  a l a r g e  
f l a s k  w ith  t h e  t i s s u e  i n  i t ,  immersed i n  a f r e e z i n g  b a th
( 60)
a t  around - 4 0 °G . T h is  was s u b j e c t e d  t o  a vacuum o f  0 . 2  
x 10"Aram Hg. w ith  a m e c h a n ic a l  arid a d i f f u s i o n  pump. A 
s m a l le r  f l a s k  ( c o l d  f i n g e r ) ,  c o n t a i n i n g  l i q u i d  n i t r o g e n  
a t  - 1 9 5 ° C . ,  p r o j e c t e d  i n t o  t h i s  la r g e r  f l a s k ,  c l o s e  to  
t h e  t i s s u e  and th e  w a ter  su b lim e d  from t h e  t i s s u e  to  t h i s  
c o l d  w a l l .  T h is  i t  d id  r a p i d l y  b e c a u s e  t h e  d i s t a n c e  from  
c o ld  w a l l  to  t i s s u e  was much l e s s  th a n  t h e  mean f r e e  p a th  
a v a i l a b l e .  The a p p a r a tu s  had no means o f  e s t i m a t i n g  
te m p e r a tu r e  o r  vacuum b u t  was v e r y  s im p l e ,  cheap  and e f f i c i e n t  
and u t i l i s e d  t h e  au th o rs*  k n ow led ge  o f  th e  p r i n c i p l e s  
i n v o l v e d .  J e n n in g s  ( 1 9 3 1 )  h a s  d e s c r i b e d  an a p p a r a tu s  w hich  
i s  v e r y  s i m i l a r  to  t h a t  o f  Wang arid Grossman d e s p i t e  h i s  
r e f e r e n c e  t o  t h e  more e f f i c i e n t  one o f  Mendelow end  H a m ilto n .
The m ethod o f  S t o w e l l  ( 1 9 3 1 )  u t i l i s e d  v e r y  s h o r t
w id e  b o r e  tu b in g  w i t h  t h e  t i s s u e  su sp en d ed  on a h e a t e r
h a n g in g  i n  t h e  d e h y d r a t in g  t u b e .  T h is  tu b e  was imm ersed
o
i n  a r e f r i g e r a n t  a t  - 7 8  0 .  or  l e s s .  The w a ter  vapour from  
t h e  t i s s u e ,  h e l d  b y  t h e  h e a t e r  a t  around - 4 0 ° C . ,  was p r e v e n te d  
from e s c a p in g  i n t o  t h e  r e s t  o f  t h e  t u b in g  b y  an o v e r la p p in g  
vane d e f l e c t o r .  The vacuum o f  10 mm Hg. was p ro d u ced  
b y  a m e c h a n ic a l  and a d i f f u s i o n  pump. The t i s s u e  was 
d eh y d ra ted  b y  s u b l im a t io n  t o  t h e  c o l d  w a l l  o f  t h e  t i s s u e  t u b e ,  
w hich  was a s h o r t e r  d i s t a n c e  from, t h e  t i s s u e  th a n  t h e  mean 
f r e e  p a th  a v a i l a b l e .  The te m p e r a tu r e  o f  t h e  h e a t e r ,  and  
th u s  th e  t i s s u e ,  was v a r ie d  by a r h e o s t a t .  T h e r e  was no
(61)
p r o v i s i o n  f o r  vacuum t e s t i n g .  The d r y in g  t im e  was v e r y  
s h o r t  and em bedding c o u ld  b e  c a r r i e d  ou t in  s i t u .  I t  was 
an e x c e l l e n t  d e s i g n  and th e  a u th o r  o b v i o u s l y  u n d e r s to o d  th e  
p r i n c i p l e s  i n v o l v e d .
G-lick ( 1 9 4 9 )  r e f e r s  to  t h e  a p p a r a tu s  o f  S c o t t  and 
W illia m s  and g i v e s  no f u r t h e r  d e t a i l s .
Malmstrom and G-lick ( 1 9 5 2 )  h a v e  c o n s t r u c t e d  a 
f r e e z e - d r y i n g  a p p a r a tu s  b a s e d  on t h e  t h e o r e t i c a l  c o n s id e r a t i o n s  
p r e s e n t e d  b y  Malmstrom ( 1 9 5 1 ) .  In  th e  f i r s t  m odel t h a t  t h e y  
d e s c r i b e  th e  vapour t r a p  i s  s i t u a t e d  i n  a tu b e  o t h e r  th a n  t h a t  
i n  w hich  t h e  t i s s u e  l i e s  b u t  i t  i s  s t i l l  w i t h in  t h e  mean 
f r e e  p a th  a v a i l a b l e .  T h e ir  s e c o n d  m odel i s  v e r y  s i m i l a r  to  
t h o s e  o f  P e a r s e  ( 1 9 5 3 )  w hich  a r e  b a s e d  on t h e  * c o l d  f in g e r *  
ty p e  o f  a p p a r a t u s ,  and t h e i r  t h i r d  m odel i s  a c o m b in a t io n  
o f  t h e  f i r s t  tw o .  The t i s s u e  i n  a l l  t h r e e  m od els  i s  h e ld  
i n  a tu b e  immersed i n  a r e f r i g e r a n t  a t  t h e  d e s i r e d  te m p e r a tu r e ,  
- 6 0 °  G. i n  t h i s  c a s e .  The a p p a r a tu s  o p e r a t e s  a t  a vacuum 
o f  10“ -* mm Hg. p rod u ced  b y  an o i l  d i f f u s i o n  and a m e c h a n ic a l  
pump. An i o n i z a t i o n  gu age  i s  u se d  to  e s t im a t e  th e  d e g r e e  
o f  vacuum. The d r y in g  t im e s  q u o te d  a r e  v e r y  s h o r t  and i t  
i s  o b v io u s  t h a t  t h e  a u th o r s  h a v e  u se d  t h e i r  v e r y  f u l l  t h e o r e t i c a l  
know ledge t o  p rod u ce  a v e r y  e f f i c i e n t  ty p e  o f  a p p a r a t u s .
P e a r s e  ( 1953) c o n s id e r s  th e  p r i n c i p l e s  o f  f r e e z e -  
d r y in g  and r e v ie w s  s e v e r a l  t y p e s  i n c l u d i n g  one com m erc ia l  
m odel b a se d  on th e  d e s ig n  o f  S c o t t  and W i l l ia m s .  He a l s o
( 62)
i n c l u d e s  some d e t a i l s  o f  h i s  own m o d if ic a t io n s  o f  th© f @oM 
f in g e r *  t y p e  o f  a p p a r a t u s .  f l ie s©  des ig n ®  us© th© p r i n c i p l e  
i n t r o d u c e d  b y  Mendelow and H a m i l to n  b u t  ar©  s i m p l e r  t o  "b u ild  
an d  o p e r a te  an d  h a v e  much s m a l l e r  d im e n sio n s .
X h a v e  m y s e l f  u s e d  a  f u r t h e r  m o d if ic a t io n  o f  th©
1 c o ld  f i n g e r *  ty p e , t h a t  was mad© a v a i la b le  t o  me b y  D r ,  L . e r . I ,  
B e l l ,  K in g * s  C o l l e g e ,  L o n d o n , I t  was e x trem ely  s i m p l e  and  
c o n s i s t e d  o f  a  l a r g e  f l a s k ,  w i th  t h e  t i s s u e  l y i n g  i n  th© 
b ottom , w h ich  was s u b j e c t e d  to  a vacuum o f  10"^ mm H g. w i th  
a m e c h a n i c a l  pum p. A s l i g h t l y  s m a l l e r  f l a s k  p r o j e c t s  i n t o  
i t ,  a s  a * c o l d  f i n g e r * ,  a n d  l i e s  v e r y  c lo g ©  t o  t h e  t i s s u e  
w h e re  i t  p r e s e n t s  a  f l u t e d  s u r f a c e  to  t h e  v a p o u r  t o  mak© 
a v a i la b le  a s  l a r g e  a  co n d en sin g  a r e a  a s  p o s s i b l e ,  ( f i g , 27)#
The t i s s u e  c a n  b e  warmed to  room  t e m p e r a t u r e  o r  h i g h e r ,  a s  i n  
any f r e e z e - d r y i n g  s y s t e m  where th e  t i s s u e  l i e s  on th© o u t s i d e  
w a l l  o f  a f l a s k ,  b y  re m o v in g  t h e  r e f r i g e r a n t  a n d  h@ ati.ng  t h e  
f l a s k .  T h e  t i s s u e  can b e  embedded b y  m e l t i n g  t h e  wax i n  t h e  
s id e  tu b e show n arid t i l t i n g  i t  s o  t h a t  t h e  wax runs down 
o v er  th e  t i s s u e .  T h e  a p p a r a t u s  a p p e a r s  t o  work q u i t e  w e l l  
a lth o u g h  no e x te n d e d  i n v e s t i g a t i o n s  w e re  c a r r i e d  o u t  w i t h  i t #
Mo H e r  ( 1953) h a s  c o n s tr u c te d  a n  a p p a r a t u s  v e r y  
s im ila r  t o  t h a t  o f  S t o w e l l  and a p p e a r s  t o  b e  w e l l  p l e a s e d  
w ith  t h e  r e s u l t s  p r o d u c e d  b y  i t .
( 6 3 )
Summary o f  t h e  r e q u ir e m e n ts  f o r  t i s s u e  f r e e z e - d r y i n g .
The t i s s u e  must h e  k e p t  f r o z e n  and i t s  t e m p e r a tu r e
must h e  beloY/ t h a t  o f  i t s  p o s s i b l e  e u c t e c t i c  p o i n t  to  p r e v e n t
o
a r t e f a c t  f o r m a t io n ,  h u t  h ig h e r  th a n  -I4.O 0 . i n  o r d e r  t o  g i v e  
a h ig h  r a t e  o f  vapour l o s s .  The d e s i c c a n t  u se d  s h o u ld  h a v e  
a vapour p r e s s u r e  low er  than  t h a t  o f  th e  t i s s u e  a t  t h e  
t e m p e r a tu r e  u se d  and must h e  c l o s e r  to  t h e  t i s s u e  th a n  th e  
mean f r e e  p a t h ,  o f  w a ter  m o le c u le s ,  a v a i l a b l e  s o  t h a t  w ater  
vapour w i l l  r a p i d l y  s u b l im e  from th e  t i s s u e  to  t h e  d e s i c c a n t .  
The vacuum must h e  s u f f i c i e n t l y  h ig h  t o  p r e s e n t  a s  l a r g e  a 
mean f r e e  p a th  a s  p o s s i b l e  h u t  n eed  n o t  h e  h ig h e r  th a n  10 
mm Hg. as  t h e  r e s i s t a n c e  t o  d i f f u s i o n  o f  w a ter  th ro u g h  f r o z e n  
t i s s u e  a t  h ig h e r  vacua i s  much g r e a t e r  th an  t h e  r e l a t i v e  
r e s i s t a n c e  i n  any  p a r t  o f  th e  a p p a r a t u s .  The vacuum t u h in g  
s h o u ld  h e  a s  s h o r t  and a s  'wide as p o s s i b l e  and t h e  d ia m e te r  
u se d  o n ly  r e s t r i c t e d  to  th e  mean f r e e  p a th  r e q u ir e m e n ts  i n  
th e  r e g io n  o f  t h e  t i s s u e .
I t  s h o u ld  h e  p o s s i b l e  t o  h e a t  t h e  t i s s u e  t o  room 
te m p e r a tu r e  or t o  embed i t  w ith o u t  a l t e r i n g  th e  vacuum 
c h a r a c t e r i s t i c s  o f  i t s  e n v ir o n m e n t .  A means o f  e s t i m a t i n g  
th e  d e g r e e  o f  vacuum i n  t h e  a p p a ra tu s  s h o u ld  h e  p r o v id e d .
( O 0
( ©) P r e s e n t  d e s i g n .
( i )  A im s. When t h e  s y s t e m  ah o u t  to  “be d e s c r i b e d  was 
d e s ig n e d  c e r t a i n  f a c t s  w ere  b o r n e  i n  m in d . The f i r s t  o f  
t h e s e  was c o s t .  A lth o u g h  some o f  th e  p r e v io u s  d e s ig n s  
were e f f i c i e n t  t h e y  w ere e x p e n s iv e  to  b u i l d  and t o  r u n . In  
th e  p r e s e n t  d e s i g n  I  f e e l  t h a t  b o th  o f  t h e s e  o b j e c t i o n s  h a v e  
b e e n  ov erco m e. The e n t i r e  a p p a r a tu s  c o s t  w e l l  under one  
hundred pounds and t h e  o n ly  r u n n in g  c o s t s  a r e  t h e  p r i c e  o f  
th e  s m a l l  amounts o f  a l c o h o l ,  s o l i d  carb on  d i o x i d e  and e l e c t r i c i t y  
us e d .
I f  a v e r y  h ig h  vacuum i s  r e q u ir e d  a m ercury  or o i l  
d i f f u s i o n  pump, and t h e  c o n c o m ita n t  c o n n e c t io n s  t o  them, 
must b e  u s e d .  T h is  p ro d u ces  a c o m p l ic a t e d  and c o s t l y  a p p a r a tu s  
and m oreover i t  has b e e n  shown a b o v e  t h a t  t h e r e  i s  no p r a c t i c a l  
a d v a n ta g e  i n  u s i n g  a p r e s s u r e  lo w er  than 10 mm Hg. a s  lo n g  
as  t h e  vacuum s y s te m  i s  d e s ig n e d  t o  conform  to  th a t  p r e s s u r e .
Thus i t  was d e c id e d  t h a t  o n ly  a m e c h a n ic a l  pump would b e  u s e d .
As has b e e n  m en tio n ed  i n  t h e  l a s t  s e c t i o n  v a r io u s  
d e v ic e s  h a v e  b e e n  u se d  i n  t h e  p a s t  as  r e g u l a t o r s  c o n t r o l l i n g  
t h e  tem p era tu re  o f  t h e  t i s s u e .  T h e s e ,  w hich w i l l  b e  d - isc u sse d  
i n  d e t a i l  under t h e  d e s ig n  o f  t h e  p r e s e n t  r e g u l a t o r ,  a r e  a l l  j
open to  o b j e c t i o n s  th u s  a new sy stem  o f  te m p e r a tu r e  c o n t r o l  ;
I
u s in g  a ’ t h e r m i s t o r 1 , was in t r o d u c e d .  j
I f  r e s u l t s  in  t i s s u e  p r e s e r v a t i o n  a r e  to  b e  e a s i l y  j
reproduced  th e n  t h e  d r y in g  p r o c e s s  must b e  e a s i l y  and. a c c u r a t e l y
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r e g u l a t e d ,  s o  t h a t  any te m p e r a tu r e  or t im e  f a c t o r  can  h e  
e a s i l y  r e p r o d u c e d .  The r e g u l a t o r  p r o v id e d  s h o u ld  h e  
c o m p le te ly  a u to m a t ic  th u s  d i s p e n s i n g  w ith  a n y  n e e d  to  
s u p e r v i s e  i t s  o p e r a t i o n .  T h is  I  h op e  h a s  b e e n  a c h ie v e d  
i n  t h i s  d e s i g n .
Above a l l ,  t h e  a p p a r a tu s  s h o u ld  h e  s im p l e  to  b u i l d  
and t o  u s e .  The s im p le r  an a p p a r a tu s  i s  t o  b u i l d  t h e  e a s i e r  
i t  i s  t o  m a in t a in  and r e p a i r  and th u s  t h e  c h e a p e r  i t  i s  to  
r u n .
( i i )  D e s ig n  o f  vacuum s y s t e m .  As a m e c h a n ic a l  pump 
p r o d u c in g  a vacuum o f  10"^ mm Hg. was b e i n g  u se d  t h e  tu b in g  
s y s te m  and vapour t r a p  had to  b e  d e s ig n e d  to  make f u l l  u s e  
o f  t h a t  p r e s s u r e .
The a p p a r a tu s  i s  v e r y  s i m i l a r  t o  t h a t  o f  S t o w e l l  
( 1 9 3 1 )  b u t  v a r i e s  from  i t  i n  th e  f o l l o w i n g  w a y s . The pump 
i s  an  Edwards S p e e d iv a e  2320 two s t a g e  r o t a r y  pump w hich h as  
a sw ep t volume o f  20 L i t r e s / m i n .  and p r o d u c e s  th e  vacuum 
r e q u ir e d .
The pump i s  c o n n e c te d  t o  what was o r i g i n a l l y  an  
a l l  p y r e x  g l a s s  s y s t e m .  The t u b in g  i s  b u i l t  i n  fo u r  p a r t s .  
(rf i g . l 0 . )  The f i r s t  p a r t  c o n n e c t s  t h e  pump t o  a B r e s c h e l ’ s  
b o t t l e  c o n t a in i n g  p h osphorus p e n t  o x i d e .  T h is  i s  a m o is t u r e
tr a p  t o  p r e v e n t  c o n ta m in a t io n  o f  t h e  o i l  o f  t h e  pump w ith  
w ater  vapour when i t  i s  ru n n in g  open  to  th e  a tm o sp h ere
( 6 6 )
d u r in g  t e s t i n g ,  and s t a r t i n g  and s t o p p i n g ,  p r o c e d u r e s .
The t h i r d  p a r t  c o n n e c t s  t h i s  b o t t l e  t o  t h e  chamber c o n t a in i n g  
t h e  t i s s u e  h o ld e r  and vapour t r a p .  A l l  o f  t h e  j o i n t s  i n  
t h i s  o r i g i n a l  s y s t e m  a r e  B . 2i | .  ground g l a s s  j o i n t s .  The 
pump c o n n e c t io n  i s  a l s o  o f  t h i s  t y p e  a l th o u g h  b e i n g  g l a s s  
to  m e t a l .
T h is  t y p e  o f  fo u r  p a r t  sy s te m  w i t h  s ta n d a r d  i n t e r ­
c h a n g e a b le  j o i n t s  was c h o s e n  s o  t h a t  i n i t i a l  c o s t s  would b e  
low  and any b ro k en  p a r t  c o u ld  b e  e a s i l y  and c h e a p ly  r e p l a c e d .  
I t  a l s o  f a c i l i t a t e s  l e a k  f i n d i n g  a s  w i l l  b e  d e s c r ib e d  l a t e r .  
B e fo r e  u s e  a l l  j o i n t s  a r e  ground i n  w ith  j e w e l l e r s  ro u g e  and  
th e n  p u t t o g e t h e r  a f t e r  h a v in g  b e e n  th o r o u g h ly  washed and  
t h i n l y  sm eared  w ith  s i l i c o n s  g r e a s e .
The t u b in g  s y s te m  was k e p t  a s  s h o r t  and as  w ide  a s  
was c o m p a t ib le  w ith  t h e  u s e  o f  B.21+ j o i n t s .  I f  b i g g e r  j o i n t s  
had b e e n  u se d  th e  d im e n s io n s  o f  t h e  f i r s t  vapour tr a p  d e s ig n e d  
would h ave  b e e n  t o o  l a r g e  f o r  th e  mean f r e e  p a th  a v a i l a b l e .
The d ia m e te r  was o n ly  r i g i d l y  c o n t r o l l e d  i n  t h e  vapour tr a p  
as  w i l l  b e  d e s c r ib e d  l a t e r .  The o v e r a l l  l e n g t h  o f  t h e  
tu b in g  i s  60 cm. and th e  n a r r o w e s t  d ia m e te r  i s  3 cm.
An o r d in a r y  ground g l a s s  s to p c o c k ,  on a - s h o r t  
narrow s id e a r m  o f  th e  t h i r d  p a r t  o f  t h e  t u b in g ,  was p r o v id e d  
as an a i r  i n l e t  i n  th e  o r i g i n a l  s y s t e m .
In  t h e  l a t e r  sy s te m  th e  t h i r d  p a r t  was r e p la c e d  
by a m e ta l  s e c t i o n  which was c o n n e c te d  t o  t h e  D r e s c h e l ’ s
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b o t t l e  b y  a B.21+. ground g l a s s - m e t a l  c o n i c a l  j o i n t  and t o  
th e  vapour tr a p  b y  a f l a t  s u r f a c e d  g l a s s - m e t a l  j o i n t  w ith  
a rubber s e a l .  ( f i g . 1 0 . )  The d e t a i l s  o f  t h i s  m e ta l  s e c t i o n  
w i l l  b e  c o n s id e r e d  under th e  vapour t r a p .
The pump i s  rubber mounted i n  t h e  b a s e  o f  th e
m achine and t h e  t u b in g  s y s te m  i s  h e l d  i n  p l a c e  b y  a f Lablox*  
arrangem ent o f  s t a n d s .  When s u b j e c t e d  to  a vacuum t h e  
clam ps a r e  lo o s e n e d  s l i g h t l y  to  l e t  th e  j o i n t s  t a k e  up and
th e n  a r e  r e t i g h t e n e d .  T h is  s y s t e m  has b e e n  fo u n d  to  '
c o m p le t e ly  e l i m i n a t e  any p o s s i b i l i t y  o f  f r a c t u r e s  due t o  
v i b r a t i o n s  w hich  ten d  to o c c u r  i n  a r e l a t i v e l y  r i g i d  g l a s s  
t u b i n g .
G-lass was c h o s e n  f o r  t u b in g  as  i t  i s  e a s i l y  worked  
and i t  p e r m its  l e a k s  t o  b e  t r a c e d  and t h e  vacuum t o  b e  
t e s t e d  b y  a v e r y  s im p le  means ( s e e  n o t e s  on o p e r a t i o n ) .  The 
a b i l i t y  t o  s e e  i f  th e  p hosphorus p e n t o x id e  i s  b e in g  contam ­
in a t e d  i s  a l s o  a t  t im e s  an a d v a n ta g e .
( i i i )  D e s ig n  o f  vapour t r a p .  As a m e c h a n ic a l  pump 
p r o d u c in g  a vacuum f o r  10  ^ mm Hg. was b e in g  u se d  t h e  vapour  
tr a p  was d e s ig n e d  w ith  a sh a p e  and d im e n s io n s  to  ta k e  f u l l  
a d van tage  o f  t h i s .
A c o l d  w a l l  vapour t r a p  s i m i l a r  t o  th a t  o f  S t o w e l l  
( 1 9 3 1  was c h o s e n .  I t  has  t h e  a d v a n ta g e s  t h a t
( a )  The r a t e  o f  c o n d e n s a t io n  on a c o l d  w a l l  t r a p  
g iv e s  a v e r y  much h ig h e r  r a t e  o f  w ater  rem oval th an  t h a t
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p ro d u ced  b y  a c h e m ic a l  d e s i c c a n t  as  has  b e e n  d i s c u s s e d  
b e f o r e .
( b )  A t r a p  l y i n g  v e r y  c l o s e  to  t h e  t i s s u e  p e r m its  a 
v e r y  much g r e a t e r  r a t e  o f  w a ter  rem oval th a n  one l y i n g  some 
d i s t a n c e  from  i t  a s  has  b e e n  shown a b o v e .
( c )  I t  i s  more e f f i c i e n t  th a n  th e  c o ld  f i n g e r  t y p e  
o f  c o l d  w a l l  t r a p  b e c a u s e  t h e  c o n d e n s in g  s u r f a c e  l i e s  a l l  
around t h e  t i s s u e  i n s t e a d  o f  j u s t  ab ove  i t .
( d) The c o o l a n t  u se d  f o r  t h e  vapour t r a p  i s  a l s o  u se d  
as t h e  r e f r i g e r a n t  f o r  t h e  t i s s u e  a t  b o th  f u n c t i o n s  ta k e  
p l a c e  i n  t h e  same t u b e .
( e )  I t  i s  s im p le  to  c o n s t r u c t  and h a n d le .  C hem ica l  
d e s i c c a n t s  a r e  m essy  to  h a n d le  and o f t e n  r e q u i r e  r e p l a c i n g  
d u r in g  a r u n .
The d im e n s io n s  o f  t h e  f i r s t  tr a p  d e s ig n e d  were  
g o v ern ed  b y  th e  s i z e  o f  th e  B.21+. j o i n t s  u se d  and w ere  
4  cm. x  13 cm. The vane d e f l e c t o r  f i t t e d  i n t o  t h e  n eck  o f  
t h e  c o n i c a l  j o i n t  ( f i g . l l ) .  T h is  d e f l e c t o r  c o n s i s t s  o f  
t h r e e  su p er im p o se d  o v e r la p p in g  m e ta l  p l a t e s  each shap ed  as  
a quadrant o f  a c i r c l e .  Any gas  which p a s s e s  up t h e  tu b in g  
from t h e  vapour tr a p  must f o l l o w  a r e l a t i v e l y  t o r t o u s  p a th  
b etw een  t h e s e  p l a t e s  and , as t h e y  a r e  v e r y  c o ld  when t h e  
m achine i s  r u n n in g ,  any w ater  m o le c u le s  w i l l  co n d en se  on 
t h e i r  s u r f a c e .  Thus a l l  w ater  i s  k e p t  in  t h e  vapour tr a p  
and y e t  t h e  e f f i c i e n c y  o f  t h e  vacuum sy s te m  i s  u n im p aired
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b y  t h r o t t l i n g .  The van e t r a p  i s  mounted on a h o l lo w  m e ta l  
s tem  w hich  hangs in  t h e  c e n t r e  o f  t h e  t u b i n g .  The t i s s u e  
h o ld e r  w i t h  u n d e r ly in g  h e a t e r  i s  h e l d  a t  t h e  b o tto m  o f  t h i s  
s te m  5 cm. a b o v e  t h e  b o tto m  o f  th e  vapour t r a p .  The 
t h e r m is t o r  l i e s  i n  t h e  c e n t r e  o f  th e  h o l lo w  s tem  w ith  i t s  
s e n s i t i v e  t i p  p r o j e c t i n g  from t h e  b o tto m  i n  o rd er  to  c o n t a c t  
t h e  t i s s u e .  The w ir e  c o n n e c t io n s  t o  t h e  t h e r m is t o r  and 
h e a t e r  a l s o  l i e  i n  t h e  s t e m .
A s h o r t  s i d e  arm o f  t h e  t u b in g  s y s te m  a r i s e s  j u s t  
above t h e  vapour t r a p .  T h is  i s  f i l l e d  b y  a rem ovab le  
v u lc a n i s e d  rubber  p lu g  p i e r c e d  by t h e  c o n n e c t io n s  to  t h e  
h e a t e r  and t h e r m i s t o r ,  ( f i g . 1 1 ) .
T h is  vapour tr a p  p ro d u ced  r e a s o n a b ly  s a t i s f a c t o r y  
r e s u l t s  b u t  t h e  n arro w n ess  o f  th e  c o n i c a l  j o i n t  a t  i t s  lo w er  
end l i m i t e d  t h e  s i z e  o f  h e a t e r  and t i s s u e  h o ld e r  w hich  c o u ld  
be lo w e r e d ,  i n t o  t h e  vapour tr a p  and s o  an a l t e r n a t i v e  s y s te m  
was d e s ig n e d .  I t  was h e r e  t h a t  t h e  a d v a n ta g e  o f  u s i n g  
in t e r c h a n g e a b le  g l a s s  j o i n t s  became o b v io u s .
T h is  newer s y s te m  i s  shovm i n  f i g .  1 0 .  I t  c o n s i s t s  
o f  a m e ta l  s e c t i o n  c a r r y in g  th e  p lu g ,  w ith  th e  h e a t e r  and  
t h e r m is t o r  c o n n e c t i o n s ,  and an a i r  i n l e t .  I t  r e p l a c e s  th e  
t h i r d  and f o u r t h  g l a s s  s e c t i o n s  o f  t h e  o r i g i n a l  s y s te m  and 
i s  c o n n e c te d  t o  t h e  D r e s c h e l 1s  b o t t l e  b y  a ground g l a s s -  
m e ta l  j o i n t .  I t  i s  c o n n e c te d  t o  t h e  vapour tr a p  b y  a f l a t  
m achined m e ta l  s u r f a c e  w ith  a l i p  a t  t h e  e d g e ,  w hich  i s
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s e p a r a t e d  from  t h e  f l a t  m achined g l a s s  l i p  o f  t h e  upper  
end o f  th e  vapour tr a p  b y  a v e r y  t h i n ,  n o n -p o r o u s ,  p l i a b l e ,  
b u t s t i f f ,  rubber g a s k e t .  The vapour tr a p  i s  h e l d  t i g h t  
on t h i s  s u r f a c e  b y  a tm o sp h e r ic  p r e s s u r e  a s  s o o n  as th e  
vacuum i s  fo rm ed . The s u c c e s s  o f  an a i r  t i g h t  s e a l  a t  t h i s  
p o in t  depends on p e r f e c t  m a ch in in g  o f  b o th  th e  g l a s s  and 
m e ta l  s u r f a c e s  and a v e r y  f a s t i d i o u s  c h o i c e ,  n o t in g  th e  p o i n t s  
m en tion ed  a b o v e ,  o f  rubber g a s k e t .  The vapour tr a p  i s  a 
s t r a i g h t  tu b e  20 cm. lo n g  and k cm. d ia m e t e r .
Some c o n s id e r a b l e  t r o u b le  was e n c o u n te r e d  i n  b o th  
d e s ig n s  i n  f i n d i n g  a vacuum t i g h t  method o f  in t r o d u c in g  
e l e c t r i c a l  c o n n e c t io n s  i n t o  th e  vacuum s y s t e m ,  A g l a s s  
*pinch* i s  t h e  o b v io u s  c h o i c e  b u t  i t s  perm anency i s  a 
drawback i f  a change o f  p a r t s  i s  r e q u ir e d .  A f t e r  e x p e r im e n t­
in g  w ith  s e v e r a l  d e v ic e s  t h e  fo l lowing  t y p e  was found  
f o o l p r o o f .
A v u l c a n i t e  p lu g  i s  m achined to  f i t  e x a c t l y  a 
c o n i c a l  j o i n t  o f  e i t h e r  g l a s s  or m e t a l ,  which i s  in tr o d u c e d  
in to  t h e  w a l l  o f  t h e  t u b in g  n e a r  t h e  vapour trap #  Four  
h o l e s  a r e  b o r e d  i n  t h i s  p lu g  and tap ped  t o  ta k e  fo u r  lo n g  
4 B .A . b r a s s  s c r e w s .  The i n t e r n a l  c o n n e c t io n s  a r e  f a s t e n e d  
t o  t h e s e  s c r e w s  and t h e n  t h e  p lu g  i s  f i t t e d .  T h is  i s  b e s t  
done by h e a t i n g  t h e  c o n i c a l  h o l e  w ith  a s m a l l  b u n se n , 
running  a f i l m  o f  m o lte n  b eesw a x  and r e s i n  around t h e  p lu g ,  
and th e n  p u sh in g  th e  p lu g  i n t o  t h e  con e  w h i le  th e  r e s t  o f
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t h e  vacuum s y s te m  i s  c l o s e d  and th e  pump i s  r u n n in g .  W hile  
t h e  p lu g  i s  b e i n g  pushed  home t h e  r e c e i v i n g  c o n e  s h o u ld  b e  
h e a t e d  to  keep  t h e  r e s i n  and b eesw a x  s o f t .  Some more o f  
t h i s  m ix tu r e  s h o u ld  th e n  be run o v er  t h e  upper s u r f a c e  o f  
t h e  p lu g  around t h e  p r o j e c t i n g  ends o f  th e  s c r e w s .  T h is  
w i l l  g i v e  an a b s o l u t e l y  vacuum t i g h t  s e a l .  I t  i s  v e r y  
im p o rta n t  t h a t  n e i t h e r  the v u l c a n i t e  or th e  r e s i g  and  
b eesw a x  b e  o v e r h e a t e d .  I f  th e y  a r e  t h e y  wi 11 b e  c a r b o n is e d  
and w i l l  becom e c o n d u c to r s  and w i l l  s h o r t  c i r c u i t  t h e  
e l e c t r i c a l  s y s t e m .
The d im e n s io n s  o f  b o th  tr a p s  d e s c r i b e d  p rod u ce  
a d i s t a n c e  b e tw e e n  th e  c e n t r e  o f  t h e  t i s s u e  h o ld e r  and t h e  
c o ld  w a l l  o f  t h e  tr a p  w hich  i s  s m a l l e r  th an  t h e  mean f r e e  
p a th  ( 5  cm .)  p ro d u ced  by th e  vacuum u s e d .
( i v )  T em perature  r e g u l a t o r .  V a r io u s  ty p e s  o f  
tem p e r a tu r e  r e g u l a t o r  h a v e  b e e n  em ployed i n  p r e v io u s  d e s ig n s  
and th e y  a r e  a l l  open t o  c e r t a i n  o b j e c t i o n s .
I f  a t i s s u e  i s  p u t i n  a c o n s ta n t  te m p era tu re  
chamber ( G ersh ,  1932; S c o t t ,  1933; Goodspeed and l ib e r ,  IS3k; 
Ho e r r  £ 19 36; Packer  and S c o t t ,  191+2; G-ersh, I9 I+8 ; Wang and 
Grossman, I9 I+9 ; Mendelow and H am ilton  1930; J e n n in g s ,  1931;  
Malmstrom and G l i c k ,  1932; P e a r s e ,  1 9 3 3 . )  i t s  te m p era tu re  
s t a b i l i s e s  a t  t h a t  l e v e l  i n  a v e r y  s h o r t  t im e  and rem ains  
t h e r e .  I t s  s u r f a c e  may b e  c o o le d  to  a c e r t a i n  d e g r e e  b y  
t h e  w ater  l o s s ,  and th u s  s lo w  th e  d r y in g  p r o c e s s , b u t  i t  i s
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c e r t a i n  t h a t  a l l  o f  t h e  t i s s u e  i s  a t  l e a s t  a s  c o l d  a s  th e  
chamber i n  w h ich  i t  l i e s .
I f  t h e  t i s s u e  i s  k e p t  a t  a c e r t a i n  tem p era tu re  
l e v e l  b y  a h e a t e r ,  l y i n g  i n  a much c o ld e r  e n v ir o n m e n t ,
( S c o t t  and W il l ia m s ,  1936; S t o w e l l ,  1951; M o l l e r ,  1953;
Andrew and H a le ,  1 9 5 3 ,1 9 5 4 . )  th e n  t h e r e  i s  She danger t h a t  
i f  th e  h e a t  i s  a p p l i e d  to  o n ly  p a r t  o f  th e  t i s s u e  as  i s  
Always t h e  c a s e ,  th e n  t h a t  p a r t  may b e  h e a t e d  above t h e  
c r i t i c a l  l e v e l  o f  d i f f u s i o n  a r t e f a c t  fo r m a t io n  w h i l e  t h e  
f r e e  s u r f a c e  o f  t h e  t i s s u e  i s  v e r y  much c o l d e r .  In  t h e  
d e s ig n  o f  S c o t t  and W ill ia m s  t h e  h e a t e r  su r ro u n d s  t h e  
t i s s u e  and p a r t i a l l y  p r e v e n t s  t h i s .  One way o f  p r e v e n t in g  
t h i s  a r t e f a c t  fo r m a t io n  i s  to  make t h e  te m p e r a tu r e  r e g u la t o r  
r e a c t  to  t h e  tem p era tu re  o f  t h e  h e a t e r  b u t  t h e n  t h e  s u r f a c e  
o f  th e  t i s s u e  l y i n g  away from t h e  h e a t e r  w i l l  b e  much c o ld e r  
th a n  t h e  h e q te d  s u r f a c e  and w a ter  l o s s  w i l l  b e  v e r y  s l o w .
I f  t h e  t i s s u e  te m p era tu re  i s  h e ld  above t h a t  o f  
i t s  im m ediate  environm ent b y  a h e a t e r  th e n  i t  can  b e  c o n t r o l l e d  
by one o f  th e  f o l l o w i n g  d e v i c e s .
I f  a b i m e t a l l i c  s t r i p  i s  u se d  as  a th e r m o s ta t  i t  i s  
n o t  p a r t i c u l a r l y  e f f i c i e n t  b e c a u s e  o f  i t s  l a r g e  s i z e ,  i t s  
l i a b i l i t y  to  c o n ta m in a t io n  w ith  i c e  fo r m a t io n  or c a r e l e s s l y  
h a n d led  embedding wax, and t h e  f a c t  t h a t  i t  must b e  f a s t e n e d  
t o  t h e  t i s s u e  h o ld e r  some d i s t a n c e  away from t h e  t i s s u e .
I t  th u s  r e a c t s  t o  t h e  tem p era tu re  o f  th e  h o ld e r  and n o t  to  
t h a t  o f  th e  t i s s u e .  The b i m e t a l l i c  s t r i p  i s  u s u a l l y  c o u p le d
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d i r e c t l y  t o  t h e  h e a t e r  and i s  f u l l y  a u to m a t ic  h u t  o p e r a t e s  
a t  o n ly  one t e m p e r a t u r e .  T h is  method i s  u se d  i n  t h e  Edwards 
com m erc ia l t i s s u e  f r e e z  e - d r y e r  w hich a p p ea rs  to  h e  b a se d  
on t h e  d e s ig n  o f  S c o t t  and W i l l i a m s .
A n o th er  method o f  te m p e r a tu r e  r e g u l a t i o n  u t i l i s e s  
a th erm o co u p le  w hich  e s t im a t e s  t h e  te m p e r a tu r e  o f  th e  t i s s u e  
e n v ir o n m e n t .  T h is  te m p e r a tu r e  ca n  th e n  b e  v a r i e d  b y  a l t e r i n g  
t h e  in p u t  to  th e  h e a t e r .  ( S t o w e l l ,  1951; H o l i e r ,  1953)
A ga in  a s  t h e  th e r m o c o u p le  i s  f a s t e n e d  to  th e  h o l d e r ,  i t  d oes  
n o t  r e a l l y  r e a c t  t o  t h e  te m p e r a tu r e  o f  th e  t i s s u e .  An 
a d d i t i o n a l  o b j e c t i o n  t o  i t  i s  t h a t  i t  r e q u ir e s  a l o t  o f  
s u p e r v i s i o n ,  as  t h e r e  a r e  te m p e r a tu r e  ch an ges  w i t h in  th e  
sy s te m  a s  t h e  t i s s u e  d r i e s , and th e  mechanism i s  n o t  a u t o m a t i c . 
I t  can  how ever b e  c o n t r o l l e d  o v e r  a w id e  r a n g e .
I f  an  a l e  oho 1 -m ercu ry  e x p e n s io n  th e r m o s ta t  i s  
u se d  ( S c o t t  and W il l ia m s ,  1936) t h e  r e a c t i o n  i s  a g a in  t o  
t h e  h o ld e r  and n o t  to  t h e  t i s s u e  and i n  a d d i t i o n ,  a l th o u g h  
f u l l y  a u t o m a t ic ,  i t  o n ly  o p e r a t e s  f o r  one t e m p e r a tu r e  w ith o u t  
c o m p lic a te d  a d ju s tm e n ts  which can n ot  b e  made d u r in g  a r u n .
Hone o f  t h e s e  m echanism s r e a c t s  to  t h e  tem p era tu re  
o f  th e  t i s s u e  i t s e l f  b u t  o n ly  t o  t h a t  o f  th e  im m ediate  
en v iro n m e n t .  I n  t h i s  d e s ig n  I  h op e  t h a t  I  h a v e  overcom e  
t h i s  d i f f i c u l t y .
The i d e a l  s y s te m  would b e  to  h a v e  t h e  t i s s u e  h e a t e d  
u n ifo r m ly  th r o u g h o u t  and h a v e  a r e g u l a t o r  r e a c t i n g  t o  t h e  
te m p e r a tu r e  a t  t h e  s u r f a c e  a n d , b y  r u l e  o f  thumb i n v e s t i g a t i o n ,
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f i n d  a t  what maximum s u r f a c e  te m p e r a tu r e  t h e  s y s te m  would  
o p e r a t e  w i th o u t  a r t e f a c t  fo r m a t io n  o c c u r in g  i n  th e  c e n t r e .
I f  th e  t i s s u e  c o u ld  h e  h e a t e d  b y  s h o r t  r a d io  
waves and i f  t h e  te m p e r a tu r e  r e g u l a t o r  c o u ld  b e  o f  a 
s u f f i c i e n t l y  d i f f e r e n t  d i e l e c t r i c  c o n s t a n t  from t h e  t i s s u e  
s o  as  n o t  t o  r e a c t  d i r e c t l y  t o  th e  f r e q u e n c y  u s e d ,  but t o
r e a c t  to  th e  te m p e r a tu r e  o f  t h e  t i s s u e  t h e n  we w ould  h a v e
an i d e a l  s y s t e m .  T h is  would b e  e s p e c i a l l y  s o  i f  th e  h e a t i n g  
p l a t e s ,  f o c u s s e d  on t h e  t i s s u e ,  l a y  on t h e  o u t s i d e  w a l l  o f  th e  
c o ld  tu b e  and th u s  t h e r e  was no c o n f i n i n g  a p p a r a tu s  l y i n g  
around t h e  t i s s u e  s lo w in g  i t s  r a t e  o f  v /a ter  l o s s .  ( F i g . 1 2 . )
I n  t h i s  p r e s e n t  d e s ig n  a t h e r m is t o r  i s  u se d  which  
comes i n t o  d i r e c t  c o n t a c t  w ith  th e  t i s s u e s  and r e a c t s  t o  
t h e i r  t e m p e r a t u r e .  The o th e r  a d v a n ta g e s  t h a t  i t  p o s s e s s e s  
a s  a te m p e r a tu r e  r e g u l a t o r  i n  a f r e e z e - d r y i n g  a p p a r a tu s  a r e
( a )  I t  i s  s m a l l  ( e x t e r n a l  d im e n s io n s  o f  g l a s s  a r e  
4  mm. b y  70 ram)
( b )  I t  i s  v e r y  s e n s i t i v e .  (Andrew and H a le ,  1954)
( c )  I t  i s  r o b u s t .
( d) The te m p e r a tu r e  s e n s i t i v e  t i p  i s  s e a l e d  i n  g l a s s  
and i s  th u s  p r o t e c t e d  from c o n ta m in a t io n  b y  i c e ,  
wax or t i s s u e  which m igh t a d h ere  t o  i t  and a l t e r  
i t s  s e n s i t i v i t y .
( e )  I t  can  b e  h a n d le d  e a s i l y  and i s  r e a d i l y  b ro u g h t  
i n t o  c o n t a c t  w ith  t h e  t i s s u e .
(75 )
( f ) I t  p r o v id e s  a f u l l y  au tom atic  means o f  r e g u la t in g  
th e  tem p era tu re .
( g ) I t  p ro d u ces ,  in  a s u i t a b l e  c i r c u i t ,  a much g r e a t e r  
change in  output v o l t a g e  fo r  a g iv e n  tem perature  
change than would a th erm ocou p le .
( * )  I t s  t i p  has a very  low therm al c a p a c i t y  and thus  
does not s t o r e  h e a t  which might r a i s e  th e  t i s s u e  
tem p era tu re .
I t  has th e  d isa d v a n ta g e  th a t  some power must h e  d i s s i p a t e d
in  i t ,  w ith  consequent r a i s i n g  o f  i t s  tem perature  above t h a t
o f  i t s  su rr o u n d in g s ,  but t h i s  power can b e  very  s m a l l . ’
A th e r m is to r  i s  an e l e c t r i c a l  r e s i s t o r  h a v in g  a 
h ig h  n e g a t iv e  tem perature  c o e f f i c i e n t  o f r e s i s t a n c e .  The 
r e s i s t a n c e  R d e c r e a se s  w ith  in c r e a s in g  ( a b s o l u t e )  tem perature  
T a cco rd in g  to  th e  r e l a t io n s h ip
R - a e  v p (  b / T )  • • <D
where a and b a re  c o n s t a n t s .  In  a s u i t a b l e  c i r c u i t  i t  ■
becomes i n c r e a s i n g l y  s e n s i t i v e  to  tem perature  changes as 
th e  o p e r a t in g  tem p erature  i s  fe d u c e d .  T his i s  so p a r t l y
Q
b ec a u se  th e  tem p erature  c o e f f i c i e n t  ( -b /T  ) becomes n u m e r ic a l ly  
g r e a te r  as th e  tem perature f a l l s .  Another rea son  i s  t h a t ,  
s i n c e  the  th e r m is to r  r e s i s t a n c e  in c r e a s e s  w ith  d e c r e a s in g  
tem p erature , the p e r m is s ib le  a p p l ie d  v o l t a g e  f o r  a g iv e n  
power d i s s i p a t i o n  a l s o  i n c r e a s e s ,  and prov ided  the  output o f
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t h e  t h e r m is t o r  c i r c u i t  i s  a p p l i e d  t o  a h ig h - im p e d a n c e  lo a d  
su ch  as  a tu b e  g r i d ,  th e  v a r i a t i o n  i n  o u tp u t  v o l t a g e  f o r  a 
g iv e n  ch an ge  i i i  t e m p e r a tu r e  a r e  g r e a t e r  a t  low er  l e v e l s .  
(Andrew and H a le ,  1951+).
S i n c e  c o n s t r u c t i n g  t h e  a p p a r a tu s ,  M r.A.Andrew, 
who d e s ig n e d  th e  e l e c t r o n i c  c i r c u i t  f o r  t h i s  r e g u l a t o r ,  and  
m y s e l f  h a v e  b e e n  in form ed  b y  t h e  makers o f  t h e  t h e r m is t o r s  
t h a t  t h e  t h e r m is t o r  t y p e  F 1 5 1 2 /3 0 0  i s  n o t  c o n s id e r e d  to  b e  
t h e  m ost s u i t a b l e  f o r  u s e  a t  s u b - z e r o  t e m p e r a t u r e s .  For  
u s e  in  t h i s  ra n ge  t h e y  h a v e  d e v e lo p e d  ty p e  P . 2 2 0 0 ,  which h as  
a much lo w e r  r e s i s t a n c e  th a n  ty p e  P 1 5 1 2 /3 0 0  and a l s o  a 
s m a l le r  t e m p e r a t u r e - c o e f f i c i e n t ,  a t  any g i v e n  te m p e r a tu r e .  
B e c a u se  o f  t h e s e  p r o p e r t i e s  u s e  o f  t h e  ty p e  P 2200 t h e r m is t o r  
s i m p l i f i e s  t h e  d e s ig n  o f  a c i r c u i t  f o r  u s e  o v e r  a w id e  ra n g e  
o f  te m p e r a tu r e ,  and we c o u ld  h a v e  d e v i s e d  a c i r c u i t  w ith  
l e s s  com p lex  s w i t c h i n g  th a n  t h a t  shown h e r e  i n  our f i n a l  
c i r c u i t  ( f i g .  11+.) had we u se d  a ty p e  P 2 2 0 0 .  On t h e  o th e r  
hand t h e  s e n s i t i v i t y ,  i n  o u t p u t - v o l t a g e  change p er  d e g r e e  
c e n t r i g a d e ,  would h a v e  b e e n  much lo w e r ,  and more a m p l i f i c a t i o n  
would h a v e  b e e n  r e q u ir e d .
F i g .  1 3 .  shows a p r a c t i c a l  c i r c u i t  g i v i n g  r e g u l a t i o n  
to  a te m p era tu re  i n  t h e  ran ge  -1+5° C. to  - 2 8 °  G . ,  d ep en d in g  on  
th e  s e t t i n g  o f  p o t e n t io m e t e r  P-j . I t  has  b e e n  found t h a t  
a f t e r  s u b j e c t i n g  t i s s u e s  to  te m p e r a tu r e s  i n  t h e  ran ge  o f
-^ 5  o t o  - 2 8 °  G . ,  we f r e q u e n t l y  r e q u ir e d  to  r a i s e  t h e i r
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te m p e r a tu r e  t o  - 1 5  0 0 . ,  t h e  r a p i d i t y  o f  t h e  ch an ge  b e i n g  
u n im p o r ta n t ,  and th e n  to  r a i s e  i t  g r a d u a l ly  from  - 1 5 °  G. 
to  15°  0 .  F ig u r e  11+ shows t h e  c o m p le te  c i r c u i t  o f  t h e  
r e g u l a t o r ,  w hich  i s  d e s ig n e d  to  f a c i l i t a t e  t h i s  p r o c e d u r e .
A 12 p o s i t i o n  r o t a r y  s w i t c h  i s  in c o r p o r a t e d .  I n  one  
p o s i t i o n  o f  t h e  s w i t c h  t h e  c i r c u i t  i s  e f f e c t i v e l y  t h a t  o f  
f i g .  1 3 .  and t h e  te m p e r a tu r e  may b e  r e g u l a t e d  to  any v a lu e  
b e tw e e n  -1+5° G. and - 2 8 °  G. b y  a d ju s tm en t o f  . T h is  
p o s i t i o n  i s  r e f e r r e d  t o  as p o s i t i o n  0 .  The o t h e r  p o s i t i o n s  
a r e  numbered from 1 - 1 1 .  In  p o s i t i o n  l i t h e  r e g u l a t o r  c o n tr o ls ,  
th e  te m p e r a tu r e  t o  - 1 5 °  G. and i n  p o s i t i o n  11 t o  1 5 °  0 .
The in t e r m e d ia t e  p o s i t i o n s  g i v e  a p p r o x im a te ly  3 0 te m p e r a tu r e  
s t e p s  w i t h in  t h i s  r a n g e .  (F o r  f u r t h e r  d e t a i l s  i n  t h e  d e s ig n  
o f  t h e  c i r c u i t  s e e  Andrew and H a le ,  1951+)*
( v )  G e n e r a l  l a y o u t .  The e n t i r e  mechanism i s  b u i l t  i n t o  
a b o x -sh a p e d  fD e x io n 1 framework t r o l l e y  c o v e r e d  irn on a l l  
s i d e s  e x c e p t  o n e .  ( f i g s .  15 and 1 6 . )  The pump and t h e  'wooden 
b a s e  f o r  t h e  clamp s y s t e m  a r e  rubber mounted and t h e  tu b in g  
i s  s u p p o r te d  b y  a * Lablox* s y s te m  o f  rod s  and c la m p s .  The  
Dewar f l a s k  c o n t a in i n g  th e  f r e e z i n g  m ix tu r e  s l i d e s  up and dow n,  
around t h e  vapour t r a p ,  on th e  ’ Lablox* rods and can  b e  h e ld  
i n  any p o s i t i o n  by  two s m a l l  c la m p s .  An o r d in a r y  d o m e s t ic  
w id e mouthed 1 Thermos* i s  u sed .,  The te m p e r a tu r e  r e g u l a t o r  
mechanism i s  h ou sed  i n  th e  top  l e f t  hand c o r n e r  o f  t h e  t r o l l e y  
( f i g . 1 7 . )  and im m e d ia te ly  b e lo w  i t  i s  th e  s w i t c h  f o r  th e  T e s la
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c o i l  w hich  hangs b e s i d e  th e  t u b i n g .  The t r a n s fo r m e r  f o r  
th e  h e a t e r  c i r c u i t  i s  mounted j u s t  b e lo w  t h i s  im m e d ia te ly  
b e s i d e  t h e  j u n c t i o n  b o x  f o r  th e  d i v i s i o n  o f  t h e  power s u p p l y .  
S l o t s  a t  t h e  to p  o f  t h e  b o x  fram e and t h e  open b o tto m  p e r m it  
a d e q u a te  c o o l i n g  o f  th e  pump when i t  i s  ru n n in g  f o r  a lo n g  
t im e ,  t h e r e b y  p r e v e n t i n g  undue co n su m p tio n  o f  t h e  c o o la n t  
i n  th e  Dewar f l a s k .  A p e r s p e x  p a n e l  s l i d e s  a c r o s s  t h e  f r o n t  
o f  t h e  b o x  when r e q u i r e d .
( f ) D e s c r i p t i o n  o f  u s e .
F r e e z e - d r y in g  o f  t i s s u e s  f o r  h i s t o c h e m i c a l  e x a m in a t io n  
i s  an e x a c t i n g  t e c h n iq u e  and demands c o n s t a n t  a t t e n t i o n  to  
d e t a i l  i f  a good r e s u l t  i s  t o  b e  o b t a in e d .  The f o l l o w i n g  
d e t a i l e d  schem e o f  o p e r a t io n  ap p ea rs  c o m p l ic a t e d  a t  f i r s t  
s i g h t  b u t  r e p i t i t i o n  o f  i t  so o n  r e s o l v e s  any d i f f i c u l t i e s .
I t  i s  w i s e  t o  p la n  arid a d h e r e  to  a d e f i n i t e  t e c h n iq u e  s o  t h a t  
any r e s u l t s  o b ta in e d  a r e  e a s i l y  r e p r o d u c i b l e .  R e p r o d u c i b i l i t y  
i s  the  e s s e n c e  o f  s u c c e s s  i n  any t e c h n iq u e .
The l i q u i d  n i t r o g e n ,  f o r  f r e e z i n g  th e  t i s s u e ,  must  
b e  ord ered  a t  l e a s t  a day b e f o r e  i t  i s  r e q u ir e d  as i t  t a k e s  
some c o n s id e r a b l e  t im e  t o  f i l l  t h e  d o u b le  therm os i n  w hich  
i t  i s  t r a n s p o r t e d .
B e f o r e  s t a r t i n g  to  u s e  t h e  a p p a ra tu s  s e e  t h a t  i t  i s  
s w itc h e d  o f f  a t  t h e  m a in s .
( i )  F i l l  t h e  vapour tr a p  thermos h a l f - f u l l  w ith  m e th y l
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a l c o h o l  and add one or two lumps o f  s o l i d  carb on  d i o x i d e
and l e a v e  t h e  m ix tu r e  u n t i l  i t  r e a c h e s  e q u i l ib r iu m  a t  ab ou t  
o
-7 8  0 • T h is  may ta k e  an h o u r .  The b o tto m  o f  t h e  therm os
must n o t  b e  o b s t r u c t e d  b y  lumps o f  s o l i d  carb on  d i o x i d e  o r  
e l s e  t h e  vapour tr a p  can n ot  b e  p r o p e r ly  im m ersed . O ver­
f i l l i n g  o f  t h e  therm os w i l l  c a u s e  s p i l l i n g  'when i t  i s  r a i s e d  
around th e  vapour t r a p .  P l a c e  t h e  g l a s s  tu b e  o f  t h e  vapour  
tr a p  i n  t h i s  m ix tu r e  "until i t  r e a c h e s  e q u i l ib r iu m  t e m p e r a tu r e .
( i i )  W h ile  t h i s  i s  h a p p en in g  renew th e  phosphorus p e n t o x i d e ,  
or o th e r  d e s i c c a n t ,  i n  t h e  D r e s c h e l* s  b o t t l e  and g r e a s e  an y  
j o i n t s  t h a t  may b e  d r y .  (O r d in a r y  g r e a s e  w i l l  v a p o u r i s e
a t  h ig h  vacua and must n o t  b e  u s e d .  S i l i c o n e  g r e a s e  i s  
t h e  m ost s u i t a b l e  fo r  t h i s  p u r p o s e . )
( i i i )  G h i l l  t h e  i s o p e n t a n e  c o n t a in e r  and t i s s u e  
a g i t a t o r  ( f i g . 18 •)  i n  th e  o th e r  th erm o s ,  f i l l e d  to  t h e  b r im  
w ith  l i q u i d  n i t r o g e n .  ( T h i s  s u b s ta n c e  i s  s a f e  to  work w i t h .
T ip  i t  out o f  i t s  c o n t a in e r  r a p i d l y .  Wear t h i c k  g lo v e s
t o  p r e v e n t  i c e  b urns from th e  s p l u t t e r i n g  l i q u i d . )  A f t e r  
t h e  i s o p e n t a n e  c o n t a in e r  i s  p r o p e r ly  c h i l l e d  f i l l  i t  w i th  
i s o p e n t a n e .  ( T h i s  s u b s t a n c e  i s  h i g h l y  in f la m m a b le  and under  
NO c ir c u m s ta n c e s  must i t  b e  u se d  w ith  l i q u i d  a i r  w ith  which  
i t  forms a h i g h l y  e x p l o s i v e  m ix t u r e . )  I s o p e n t a n e  i s  u se d  
b e c a u s e  i t  o n ly  f r e e z e s  a t  e x tr e m e ly  low  te m p e r a tu r e s  and 
has a v e r y  r a p id  h e a t  l o s s .  When t i s s u e  a r e  p lu n g e d  i n t o  
i t  i t  does  n o t  b u b b le  and p ro d u ce  a gas e n v e lo p e  around th e  
warm t i s s u e ,  which m ight s lo w  t h e i r  c o o l i n g .  L eave zhe
( 8 0 )
c o n t a in e r  i n  t h e  l i q u i d  n i t r o g e n  u n t i l  t h e  i s o p e n t a n e  s t a r t s  
t o  s o l i d i f y .
( i v )  L i f t  t h e  c o n t a in e r  out o f  t h e  therm os j u s t  b e f o r e  
t h e  an im al i s  k i l l e d  so t h a t  t h e  i s o p e n t a n e  warms u n t i l  i t  
i s  l i q u i d  a g a i n .  I t s  te m p e r a tu r e  ’W il l  s t i l l  b e  b e lo w  - 1 5 0 °  G.
( v )  K i l l  t h e  a n im a l and r a p i d l y  remove th e  r e q u ir e d  
t i s s u e s  c u t t i n g  them i n t o  s l i c e s  up t o  5 mm t h i c k .
( v i )  P lu n g e  t h e  s l i c e s  i n t o  t h e  c o n t a in e r  i n  t h e  s p e c i a l
a g i t a t o r  and s w i r l  i t  round r a p i d l y .  R e p la c e  th e  c o n t a in e r  
i n  th e  l i q u i d  n i t r o g e n  u n t i l  th e  i s o p e n t a n e  s o l i d i f i e s .
( v i i )  Remove t h e  c o n t a in e r  and c h i l l  t h e  e n t i r e  t i s s u e  
h o ld e r  o f  th e  a p p a r a tu s  w ith  l i q u i d  n i t r o g e n  b y  l i f t i n g  th e  
thermos up t o  i t .
( v i i i )  R a p id ly  t r a n s f e r  t h e  t i s s u e s  from t h e ,  b y  now, 
l i q u i d  i s o p e n t a n e  to  t h e  c h i l l e d  t i s s u e  h o ld e r  and s e e  t h a t  
th e  top  o f  t h e  t h e r m is t o r  i s  l y i n g  a g a i n s t  t h e  t i s s u e s .  A l l  
o f  t h i s  m a n ip u la t io n  must b e  c a r r i e d  out w ith  c h i l l e d  f o r c e p s ,  
t o  p r e v e n t  undue h e a t i n g  o f  th e  t i s s u e .
( i x )  Put on th e  meains s w i t c h  and s t a r t  t h e  pump.
( x )  C onnect t h e  c h i l l e d  tu b e  o f  t h e  vapour t r a p  t o  t h e
r e s t  o f  t h e  s y s t e m  and c l o s e  t h e  a i r  i n l e t .  S l i d e  up th e
thermos c o n t a in i n g  th e  f r e e z i n g  m ix tu r e  u n t i l  t h e  c o l d  tr a p  
to u ch es  t h e  b o t to m .
( x i )  Add s o l i d  ca rb o n  d i o x i d e  t o  t h e  therm os u n t i l  t h e  
vapour tr a p  i s  .c o m p le te ly  im m ersed.
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( x i i ) C heck  t h e  vacuum  w ith  t h e  t e s l a  c o i l  a n d  i f  
n e c e s s a r y  t i g h t e n  up  a n y  j o i n t s #
( x i i i )  T u r n  t h e  t e m p e r a t u r e  c o n t r o l  t o  i t s  l o w e s t  
r e a d i n g  a n d  s w i t c h  t o  c o n t r o l l e d #
( x iv )  P u t  on  t h e  e l e c t r o n i c  c i r c u i t  s w i t c h  w hen t h e  m a in s  
p i l o t  w i l l  l i g h t  a n d  a  few  m in u te s  l a t e r  t h e  h e a t e r  p i l o t  w i l l  
go on IF t h e  t i s s u e  i s  a t  a low  en o u g h  tem p erature# The  l a g  
i s  c a u s e d  b y  t h e  h e a t i n g  o f  t h e  v a lv e s  i n  t h e  c i r c u i t #  I f '  
t h e  h e a t e r  p i l o t  d o e s  n o t  go on  a t  t h i s  t im e  h u t  o n l y  i f  t h e  
tem p erature r e g u l a t o r  i s  t u r n e d  to  a  h i g h e r  l e v e l  th e n  i f  
m eans t h a t  t h e  t i s s u e  h a s  h e a t e d  t o  t h a t  l e v e l  a n a  m u s t h e  
r e j e c t e d  a n d  t h e  w h o le  p r o c e s s  r e p e a t e d  f ro m  t h e  h e g iim iin g #
( x v )  S la c k e n  a l l  clam ps o n  t h e  g l a s s w a r e  s o  t h a t  th e n ' 
j o i n t s  d raw  up  t i g h t #
( x v i )  T he  m a c h in e  o n  a n  a v e r a g e  r e q u ir e s  to  h e  r u n  f o r
i|8 h o u r s ,  i f  i t  c o n t a i n s  3 b lo c k s  o f  s i z e  5  x  13 x  15  a n # *  i n  
o r d e r  t o  c o m p le te ly  d r y  s h e  t i s s u e .  D u r in g  t h i s  t im e  t h e  
th e rm o s  m u st h e  k e p t  to p p e d  wp w i th  s o l i d  c a r b o n  d io x id e #
The l e v e l  i n  t h i s  th e rm o s  w i l l  d ro p  l e s s  q u i c k l y  i f  t h e  r a t i o  
o f  a lc o h o l  t o  00 i s  k e p t  h i g h .
A t t h e  end o f 2h h o u r s  t h e  t e m p e r a t u r e  c o n t r o l  
knob No.1 . ( f i g .  1 7 . )  s h o u ld  h e  g r a d u a l l y  f u m e d  up t o  t h e  
u p p e r  l i m i t .  T h is  sh o u ld , b e  d o n e  o v e r  a  p e r i o d  o f  e i g h t  
h o u r s .  I t  s h o u ld  h e  l e f t  o v e r s i g h t  i n  t h a t  p o s i t i o n .  M ext 
m o rn in g  s w i tc h  c o n t r o l  knob D o .2 t o  t h e  f i r s t  p o s i t i o n  and.
( 8 2 )
and l e a v e  i t  th e r e  f o r  an h o u r .  T h e r e a f t e r  t u r n  t h i s  knoh 
one p l a c e  e v e r y  tw e n ty  m in u tes  u n t i l  i t  r e a c h e s  t h e  h i g h e s t  
p o s i t i o n  i . e .  a t  -  15°  G. L eave  i t  t h e r e  f o r  tw e n ty  m in u te s  
or m ore.
I f  embedding i n  vacuo  i s  r e q u ir e d  e i t h e r  o f  two 
p r o c e d u r e s  a r e  p o s s i b l e .  F i r s t  th e  t i s s u e  c a n ,  i n  t h e  
i n i t i a l  s t a g e s ,  b e  p la c e d  on t h e  to p  o f  some s o l i d  p a r a f f i n  
wax i n  t h e  em bedding p a n .  T h is  wax must p r e v i o u s l y  h a v e  
b e e n  d e g a s s e d  by m e l t i n g  i t  under a h ig h  vacuum or  e l s e  when 
i t  i s  m e lte d  d u r in g  embedding th e  gas com ing ou t o f  i t  w i l l  
b u b b le  v i o l e n t l y  and throw  th e  t i s s u e  o u t  and r u i n /  t h e  
e n t i r e  p r o c e s s .  With th e  s e c o n d  method a s m a l l  b lo b  o f  wax 
can  b e  p r e s s e d  o n to  a p a r t  o f  th e  s i d e  o f  t h e  t i s s u e  h o l d e r  
s l i g h t l y  a b o v e  t h e  em bedding pan i n  w hich  t h e  t i s s u e  i s  l y i n g .  
When t h i s  m e l t s  d u r in g  embedding i t  runs down in t o  t h e  pan i n  
a v e r y  t h i n  f i l m  and l o s e s  i t s  gas from t h i s  l a y e r ,  w i t h o u t  
any v i o l e n t  b u b b l in g .
To embed b y  e i t h e r  o f  t h e s e  m ethods t u r n  th e  h e a t e r  
s w itc h  t o  f r e e  u n t i l  t h e  t i s s u e  i s  s e e n  t o  b e  c o v e r e d  w ith  
wax.
( x v i i )  T ig h t e n  a l l  clam ps on th e  g l a s s w a r e ,  and s w i t c h  
o f f  th e  e l e c t r o n i c  c i r c u i t  when t h e  m ains and h e a t e r  p i l o t s  
w i l l  go o u t .
( x v i i i )  Remove t h e  therm os f i l l e d  w ith  th e  f r e e z i n g  
m ixtu re  th e n  open t h e  a i r  i n l e t  and remove t h e  vapour t r a p ,
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c a r e f u l l y ,  w e a r in g  t h i c k  g l o v e s . D e la y  i n  rem ovin g  t h e  
t i s s u e  a f t e r  t h e  therm os h a s  b e e n  lo w ered  away w i l l  c a u s e  
w ater  to  move from  t h e  now warm vapour tr a p  to  t h e  t i s s u e s .
( x i x )  Remove t h e  t i s s u e s  and s w i t c h ' o f f  a t  t h e  m a in s .
I t  i s  im p e r a t iv e  t h a t  no t im e  s h o u ld  b e  w a s te d  a t
any s t a g e  i n  t h e  i n i t i a l  p r e p a r a t io n  or  p a r t s  may n o t  rem ain
c o l d  enough f o r  e f f i c i e n t  w o r k in g .
Vacuum t e s t i n g ,  and t r a c i n g  l e a k s ,  i s  c a r r i e d  out w ith
a t e s l a  c o i l  w h ich  i s  a d e v i c e  p r o d u c in g  a h ig h  v o l t a g e  sp a r k
when e a r t h e d .  At low  d e g r e e s  o f  p r e s s u r e  t h i s  s p a r k  p ro d u ces
f l u o r e s e n c e  i n  th e  vacuum due t o  t h e  i o n i s a t i o n  o f  t h e  g a s e s  
c
p r e s e n t .  The / o l o u r  o f  t h i s  f l u o r e s e n c e  ch a n g es  from  p u r p l e ,  
through  p in k ,  to  a v e r y  p a l e  g r e y - b l u e  as t h e  p r e s s u r e  d r o p s .
At 1 0 -3  ^  or i 0Wer th e  f l u o r e s e n c e  c e a s e s .  T h is  p r o v id e s  
a cheap and e a s y  method o f  vacuum t e s t i n g  w i t h i n  t h e  ra n g e  
1 mm. -  10“ 3 mm Hg.
I f  t h e  vacuum f a i l s  to  rea ch  t h e  u s u a l  l e v e l  i t  i s  
due e i t h e r  t o  p o o r  pumping or to  a l e a k  i n  th e  s y s t e m .
The e a s i e s t  way to  f i n d  a s m a l l  l e a k  i n  th e  s y s t e m  
i s  to  d i s m a n t le  a l l  t h e  p a r t s  o f  th e  t u b in g  e x c e p t  t h e  f i r s t  
p a r t  and t o  o o n lu d e  t h e  open end o f  t h e  tu b e  w ith  a p i e c e  o f  
t h ic k  f l a t  r u b b e r ,  s t a r t  th e  pump and t e s t  w i th  t h e  t e s l a  c o i l .  
I f  th e  p a r t  i s  a i r  t i g h t  th en  th e  c o r r e c t  f l u o r e s e n c e  s e q u e n c e  
i s  s e e n .  T h is  p r o c e d u r e  i s  r e p e a t e d  a f t e r  r e p l a c i n g  t h e  
v a r io u s  p a r t s  s u c c e s s i v e l y  ( f i g . 1 9 . )  u n t i l  th e  p a r t  w hich
(Bh)
in t r o d u c e s  a l e a k  i s  fo u n d .  When t h i s  p a r t  i s  found th e  
l e a k  can  e a s i l y  h e  d e t e c t e d  hy ru n n in g  a few  drops o f  
a l c o h o l  o v e r  t h e  s u r f a c e s  o f  th a t  p a r t  w h i l e  u s in g  t h e  t e s l a  
c o i l .  Where th e  a l c o h o l  vapour i s  su ck ed  i n  through a 
l e a k  i t  g i v e s  a w h it e  s tr e a m in g  c lo u d .
( g )  C o n c l u s i o n .
The a p p a r a tu s  h a s  p roved  e n t i r e l y  s a t i s f a c t o r y  in  
o p e r a t io n  and i s  b e i n g  u se d  f o r  p r e p a r a t io n  o f  specim ens  
f o r  h i s t o c h e m i c a l  e x a m in a t io n  i n  t h i s  d e p a r t .  Once th e  
t e c h n iq u e  i s  le a r n e d  th e  m achine can b e  h a n d led  very  e a s i l y  
and w i l l  p ro d u ce  good r e s u l t s  even i f  l e f t  in  th e  hands o f  
a c o m p a r a t iv e ly  u n tr a in e d  p e r s o n .  I t  i s  e x tr e m e ly  ro b u st  
and in  two y e a r s  o f  ru n n in g  has o n ly  r e q u ir e d  t h e  rep lacem en t  
o f  one v e r y  s m a l l  p a r t .
The h i s t o l o g i c a l  p r e s e r v a t i o n  produced b y  i t  i s  
v e r y  good and i c e  c r y s t a l s  a r t e f a c t  and c r a c k in g ,  o f  th e  
ty p e  shown i n  f i g .  22 i s  n o t  commonly e n c o u n te r e d .  F i g s .
20 and 21 show t i s s u e  p rep ared  i n  th e  m achine and i t  w i l l  
b e  s e e n  from t h e s e  p h otograp h s t h a t  m o r p h o lo g ic a l ly  th e y  
l e a v e  n o t h in g  to b e  d e s i r e d .
I f  v e r y  s m a l l  p i e c e s  o f  t i s s u e  (3mm. x 5mm. x 5mm.) 
a re  i n d i v i d u a l l y  p la c e d  i n  th e  m achine t h e y  can  b e  d r ie d  i n  
about e i g h t  or t e n  h ours d ep en d in g  on t h e  t i s s u e  u s e d ,  but  
n o r m a lly  s e v e r a l  s l i g h t l y  l a r g e r  p i e c e s  a r e  i n s e r t e d  a t
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t h e  one t im e  and t h e  m achine i s  run f o r  1+8 hours • T here  
i s  v e r y  l i t t l e  d i f f e r e n c e  i n  c o s t  b e tw een  ru n n in g  f o r  s h o r t  
and lo n g  p e r io d s  as  most o f  th e  money in v o lv e d  i s  i n  th e  
l i q u i d  n i t r o g e n  u se d  f o r  th e  i n i t i a l  f r e e z i n g  and in  th e  
a l c n h o l  i n  t h e  th e r m o s .
( 8 6 )
V
IOTESTIGATION 1FJO THE POSSIBILITY OF DEVELOPING- 
A NEW HISTOGHMIGAL TEOHNIQ.UE FOR HYALURONIG
AO 3D
( 8 7 )
H yalu ron ic  a c id  has a lr e a d y  "been shown to  h e  
one o f  the c o n s t i t u e n t s  o f  ground su b stan ce  o f  c o n n e c t iv e  
t i s s u e .  As such i t  i s  o f t e n  co n s id ered  to  he one o f  the  
c la s s  o f  su b s ta n c e s  l o o s e l y  d e sc r ib ed  as •mucins* . In  
t h i s  c a se  i t  i s  u s u a l l y  r e fe r r e d  to  as a c o n n e c t iv e  t i s s u e  
mucin. Other examples o f  th e s e  su b sta n ces  are  the ground 
su b sta n ce  o f  c a r t i l a g e ,  sareolemma, basement membranes, 
c o l l o i d  o f  en d ocr in e  g la n d s ,  and the  mucue o f  e p i t h e l i a .  
H is to c h e m ic a l ly  th ey  a re  r e la t e d  and the b a s i s  o f  th is  
r e l a t io n s h ip  i s  th e  p r e sen ce  o f  a carbohydrate found e i t h e r  
as a s e p a r a te  e n t i t y  or in  com bination w ith  p r o t e in  or 
l i p i d .
Many d i f f e r e n t  h is to c h e m ic a l  tech n iq u es  have been  
in trod u ced  fo r  the i d e n t i f i c a t i o n  o f  the v a r ie d  members 
o f  t h i s  group o f  s u b s t a n c e s .  Some o f  them are  s p e c i f i c  
and some a r e  n o t :  At th e  p resen t  moment i t  i s  not p o s s i b l e
to d i f f e r e n t i a t e  a l l  the members o f  th e  group h i s t o c h e m ic a l ly .
I  s h a l l  now c o n s id e r  th e se  methods in  d e t a i l  
to show i n  which r e s p e c t  th e y  are  d e f i c i e n t .
( a ) Lack o f  s p e c i f i c i t y  o f  h is to c h e m ic a l  tech n iq u es  fo r  
i d e n t i f y i n g  p o ly s a c c h a r id e s  c o n ta in in g  s u b s t a n c e s .
( i )  The p e r io d ic  a c i d - S c h i f f  (P .A  .S . )  tec h n iq u e .  This  
method was in tro d u ced  as a m orp holog ica l method fo r  e p i t h e l i a l  
mucue t y  McManus ( I 9 U6 ) . L i l l i e  (1 9 4 7 )  and H otch k iss  ( 1 9 4 8 ) ,  
whose u n pu blish ed  work on the  techn iqu e  an ted ated  th a t  o f
(88)
McManus, r e a l i s e d  i t s  h i s t o c h e m ic a l  s i g n i f i c a n c e  and  
a p p l ie d  i t  to  i d e n t i f y i n g  a number o f  p o ly s a c c h a r id e  
c o n t a in i n g  s u b s ta n c e s  i n  she t i s s u e s .  McManus ( l9U $a)  
c o n t in u e d  t o  u s e  i t  as  a h i s t o l o g i c a l  method fo r  some t im e  
b u t l a t e r  s t a t e d  t h a t  i f  co u ld  h e  u sed  i n  h i s t o c h e m i s t r y .
(19U8t>).
.GHOH .CHNHR. groups ( N i c o l e t  and S h in n , 1939; L i l l i e ,  1930)  
i n  p o ly s a c c h a r id e s  , m u c o p o ly s a c c h a r id e s ,  m u co p ro te in ,  
g l y c o p r o t e i n ,  g l y c o l i p i d ,  and c e r t a i n  o th er  s u b s t a n c e s ,  
by p r o d u c t io n  o f  a ld e h y d e s ,  through p e r io d ic  a c id  o x i d a t i o n ,  
which c o l o u r i z e  t h e  S c h i f f  a ld eh y d e  r e a g e n t .  P e a r se  (1 9 ^ 3 )  
s t a t e s  t h a t  1 compounds i n  which th e  g l y c o l  groups a re  
s u b s t i t u t e d  do n o t 1 g i v e  t h e  r e a c t io n  and G-omori ( 1932)  
s t a t e s  t h a t  i f  e i t h e r  the  OH or NH groups a r e  s u b s t i t u t e d  
ho r e a c t i o n  w i l l  o c c u r .  For th e  sa k e  o f  c o m p le te n e s s ,  I  
have a c c e p t e d  t h e  p o s s i b i l i t y  t h a t  s u b s t i t u t e d  groups m ight  
r e a c t .  T h ese  f i v e  s u b s ta n c e s  m en tion ed  by name a l l  c o n t a in  
a h e x o s e  su g a r  o f  some ty p e  which i s  s p l i t  by  th e  p e r i o d i c  
a c id  to  p rod u ce  a ld e h y d e s  i n  th e  f o l l o w i n g  manner
I t  i s  r e a l l y  a M alaprade r e a c t i o n  (M a la p ra d e ,  
1931+) and i d e n t i f i e s  .GHOH.GHOH., .GHOH.GHNH^., and
C V lx O t4
The mode o f  a c t i o n  o f  th e  c o lo u r  p r o d u c t io n  i n  l e u c o f u c h s i n  
i s  n o t  a l l  c l e a r  h u t  i t  may h e  o f  t h e  f o l l o w in g  t y p e .
The dye  u se d  i n  p r e p a r in g  l e u c o f u c h s in  i s  h a s i c  f u c h s in  
which i s  a m ix tu r e  o f  r o s a n i l i n ,  p a r a r o s a n i l : ;n and magenta  
I I .  A l l  o f  t h e s e  a r e  s l i g h t  v a r i a t io n s  on t h e  t r i -a m in o  
t r i - p h e n y l  m ethane s t r u c t u r e  common to  th e  r o s a n i l i n  s e r i e s  
o f  d y e s .  T h e s e  d y e s ,  i n  common w ith  a l l  chrom ophores, 
h ave u n s a t i s f i e d  a f f i n i t i e s  f o r  hydrogen  and a r e  th u s  e a s i l y  
r e d u c i b l e  and can  h e  made to  l o s e  t h e i r  c o l o u r .  The 
d o u b le  bond i n  t h e  q u in o id  s t r u c t u r e ,  found i n  th e  above  
m en tion ed  d y e s ,  may b e  broken  and h yd rogen  atoms become 
a t ta c h e d  t o  v a l e n c i e s  th u s  f r e e d  and th u s  as the q u in o id  
s t r u c t u r e  i s  l o s  th e  dye becomes a c o l o u r l e s s  compound 
c a l l e d  l e u c o f u c h s i n .
( 9 0 )
KSOj
M > v »
NH,t|
L eu to-F ock tm
In  p rep a r in g  th e  reagent th e  b a s ic  fu c h s in  i s
red u ced  th rou gh  t h e  a c t i o n  o f  s u l p h i t e .  I t .  i s  n o t  knovm 
e x a c t l y  how t h i s  o c c u r s  h u t  i t  i s  th o u g h t  th a t  th e  s u l p h i t e  
r a d i c a l  i n  some way e n t e r s  in t o  th e  c o m p o s i t io n  o f  th e  
l e u c o f u c h s i n .  A ld eh yd es  p rod u ce  c o lo u r  i n  t h i s  compound 
b y  what i s  th o u g h t  t o  b e  an a d d i t i o n  f o l lo w e d  b y  a 
c o n d e n s a t io n  (W ie la n d  and S c h e u in g ,  1921)
A \c ltW ,c V e
C.oloorf'.J* a lA e W jc U  c .« » fW x
( 9 1 )
S i n c e  t h e  q u in o id  s t r u c t u r e  i s  r e s t o r e d  to  th e
compound i t  becom es c o l o u r e d .  In  e a r l y  p r e p a r a t io n s  o f
l e u c o f u c h s i n  i t  was found  t h a t  a b row n ish  c o lo u r  rem ained  
( S c a n l i n  and M elin ;  1 9 3 7 . )  b u t  Coleman ( 1938) showed t h a t  
t h i s  c o u ld  b e  removed by a g i t a t i n g  th e  s o l u t i o n  w ith  ca rb o n .  
A lthough  m ost b a tc h e s  o f  b a s i c  f u c h s i n  a r e  now f r e e  from  
th e  co n ta m in a n t which ap p eared  to  b e  p ro d u c in g  t h i s  brown 
c o lo u r  i t  i s  im p ortan t  to  a s c e r t a i n  t h a t  o n ly  th e  b e s t  dye  
p r e p a r a t io n s  a r e  u s e d .
As i t  i s  n o t  known i n  what way th e  s u l p h i t e  p la y s
a p a r t  i n  l e t t i n g  t h e  a ld e h y d e  c o l o u r i s e  th e  l e u c o f u c h s i n
i t  i s  n o t  s a f e  to a t te m p t  t o  draw any c o n c lu s io n s  from t h e  
d i f f e r e n t  b in ts  o f  r e c o l o u r i s a t i o n  produced under d i f f e r e n t  
c o n d i t i o n s .  ( L i s o n ,  1932; G-omori, 1932; and P e a r s e ,  1 9 3 3 . )
I t  has b e e n  s u g g e s t e d  (W ie lan d  and S c h e u in g ,
1921 ; L i s o n ,  1932 and 1936; Stedman and Stedman, 19k3 a and 
b ,  I9 i4.i1) t h a t  many s u b s ta n c e s  o th er  th an  a ld e h y d e s  can  prod u ce  
c o lo u r  in  3 c h i f f ! s  s o l u t i o n  b u t  G leg g ,  C lerm ont and L eb lond  
( 1932) h a v e  shown t h a t  i n  r e l a t i o n  to t h e  P .A .S .  t e c h n iq u e ,  
t h i s  i s  n o t  s o .
The c o lo u r e d  s u b s ta n c e  produced  i s  a new compound 
and n o t  j u s t  r e - o x i d i s e d  f u c h s i n .
The g r e a t  v a lu e  o f  p e r io d ic  a c i d  as an o x id a n t  f o r  
t h e s e  h e x o s e  su g a r s  i s  t h a t  th e  a ld e h y d e s  which i t  p roduces  
a r e  n o t  f u r t h e r  o x i d i s e d  b y  i t  and thus a r e  a l l  a v a i l a b l e
( 9 2 )
f o r  c o lo u r  p r o d u c t io n .  T h is  i s  n o t  t r u e  o f  o th e r  r e a g e n t s  
which a r e  som etim es  u se d  to  o x i d i s e  C-C bonds e . g .  
p o ta ss iu m  perm an gan ate , chrom ic a c i d ,  and h yd rogen  p e r o x id e .  
C arb on yl groups a r e  s a i d  to  b e  o x i d i s e d  to  c a r b o x y l  groups  
and th u s  w i l l  n o t  g i v e  a c o lo u r  r e a c t i o n  w ith  t h e  S c h i f f f s  
s o l u t i o n  ( P e a r s e ,  1 9 5 3 ) .  I t  has  b e e n  c la im e d  b y  Lohtka  
( 1 9 5 2 ) t h a t  d ep en d in g  on th e  t im e o f  ex p o su re  to  th e  a c id  
u se d  i t  may b e  p o s s i b l e  to  d i f f e r e n t i a t e  b e tw een  c i s  and 
t r a n s  g l y c o l s ,  b u t  t h i s  has n o t  b e e n  shown i n  h i s t o l o g i c a l  
s e c t i o n s .  D a n i e l l i  ( 1 9 5 3 )  has s u g g e s t e d  t h a t  t h e s e  c i s  
and tr a n s  g l y c o l s  may b e  d i f f e r e n t i a t e d  b y  b lo c k in g  o f  
t h e  form er b y  a c e t o n y l  or b o r a t e  compounds.
H o tc h k is s  ( 19U8 ) c la im s  t h a t  p o s i t i v e  r e s u l t s  
a r e  o n ly  p rod u ced  i f  th e  f o l l o w i n g  c r i t e r i a  a r e  s a t i s f i e d : -
( a )  The s u b s t a n c e  must c o n t a in  one o f  th e  g ro u p in g s  
l i s t e d  a b o v e .
( b )  I t  must n o t  h ave  d i f f u s e d  d u r in g  f i x a t i o n .
( c )  I t  must n o t  p rod u ce an o x i d a t i o n  p ro d u ct  which  
i s  d i f f u s a b l e .
( d) I t  must b e  p r e s e n t  i n  s u f f i c i e n t  c o n c e n t r a t io n  
t o  g i v e  a d e t e c t a b l e  f i n a l  c o l o u r .
T h e se  l a s t  t h r e e  c r i t e r i a  a r e  common to  any  
s p e c i f i c  t e c h n iq u e  b u t  i t  i s  u s e f u l  to  remind o n e s e l f  o f  
th e  n e c e s s i t y  t o  o b se r v e  them i n  t h i s  o n e .
The main r e p r e s e n t a t i v e s  o f  t h e  h e x o s e  su g a r
( 9 3 )
c o n t a in in g  s u b s ta n c e s  i n  manhmals a r e  (M ey er , 19^3;
P e a r s e ,  1933)
P o ly s a c c h a r id e s  * g ly c o g e n
M u c o p o ly sa c c h a r id e s  -  n e u t r a l  -  p a r t  o f  g a s t r i c  m ucin ,
felood group s u b s t a n c e s .
-  a c i d  ( s i m p l e )  ~ h y a lu r o n ic  a c i d .
( c o m p le x )  -  m ucin , h e p a r in ,  
c h o n d n o i t in  s u l p h a t e .  
M u cop rote in s  -  s u b m a x i l la r y  m ucoid , serum m ucoid ,
s e r o g l y c o i d ,  p i t u i t a r y  
g o n a d o tr o p h in s ,  c h o r io n ic  gonado­
t r o p h in s ,  f r a c t i o n s  o f  p i t u i t a r y  
s e c r e t i o n .
b
G -ly co p ro te in s  -  serum album in  and g l o y u l i n .
( x l^ e o l ip id s  -  c e r o b r o s id e s  ( k e r a s i n  and
p h r e n a s i n ) .
A lth o u g h  i t  i s  a c c e p te d  th a t  t h e s e  s u b s ta n c e s  a r e  
th e  ones m ost l i k e l y  to  p rod u ce  a p o s i t i v e  r e a c t i o n  in  t i s s u e s  
c e r ta in ,  o th e r  t h e o r e t i c a l l y  p o s s i b l e  p o s i t i v e s  must b e  b o rn e  
i n  m ind. P e r io d ic  a c id  w i l l  g i v e  a p o s i t i v e  r e a c t i o n  i n  
v i t r o  w ith  amino s u b s t i t u t e d  a l c o h o l s  such as  t h o s e  o f  s e r i n e ,  
t h r e o n in e ,  and h y d r o x y ly s in e  ( N i c o l e t  and S h in n ,  1939? 19^+1* 
McManus, I 92+8B . )  b u t  th e y  w i l l  n o t  do so when th e  g l y c o l  
groups a r e  s u b s t i t u t e d ,  as  vhen t h e s e  amino a c id s  a r e  combined
(9U)
i n  th e  p o l y p e p t i d e  c h a in s  o f  p r o t e i n s .  ( P e a r s e ,  1 9 2 3 ) .
I t  has "been s u g g e s t e d  th a t  c e r t a i n  u n s a tu r a te d  
l i p i d s  and p h o s p h o - l i p i d s  w i l l  g i v e  a p o s i t i v e  r e a c t i o n  
w ith  p e r i o d i c  a c i d  t e c h n iq u e .  Hack ( I 9 J19) has shown th a t  
kerasin*; p h r e n a s in ,  p h o s p h a t id y le th a n o  1-am in e  ( k e p h a l i n )  
and p h o s p h a t i d y lc h o l i n e  ( l e c i t h i n ) ,  a c e t a l  and i n o s i t o l  
p h o s p h a t id e s  and g a n g l i o s i d e  w i l l  g i v e  a p o s i t i v e  r e a c t i o n  
i n  v i t r o .  A c c o r d in g  to  M alaprade (1 9 3 ^ )  p e r i o d i c  a c id  w i l l  
o x i d i s e  p o l y a l c o h o l s  a t  th e  te r m in a l  .GHOH. groups i n  th e  
c h a in  to  form a ld e h y d e s  which w i l l  r e a c t  w ith  th e  l e u c o f u c h s i n  
o f  th e  S c h i f f Ts  s o l u t i o n .  I n o s i t o l  d e r i v a t i v e s  m ight r e a c t  
h u t  i n o s i t o l  i t s e l f  has  no t e r m in a l  group o f  t h i s  t y p e  and  
i s  c o n v e r te d  i n t o  form ic  a c i d  ( p e a r s e ,  1 9 3 3 ) .  Wolman (1 9 5 0 )  
u s in g  p r e p a r a t io n s  o f  c e r e h r o s i d e s , s p h in g o m y e l in ,  l e c i t h i n -  
k e p h a l in  m ix tu r e  and s a t u r a t e d  and u n s a tu r a te d  f a t t y  a c i d s ,  
d e c id e d  t h a t  u n s a t u r a t e d  l i p i d s  s t a i n e d  and so  a l s o  d id  
sp h in g o m y e l in  w hether th e y  c o n ta in e d  ca rb o h y d ra te  or n o t .
I t  has h e e n  s u g g e s t e d  ( J e a n l o z ,  1950) t h a t  th e  
p r e s e n c e  o f  u n s u b s t i t u t e d  1 , 2 . g l y c o l  groups d id  n o t  n e c e s s a r i l y  
i n f e r  a p o s i t i v e  r e a c t i o n  s i n c e  s u b s ta n c e s  such  as c e l l o b o i s e  
gave a n e g a t i v e  r e a c t i o n ,  h u t  t h i s  has  h e e n  c o n t r a d ic t e d  by  
MaManus and H o c h -L ig e t i  ( 1 9 5 2 ) .
A d i s t i n c t  p o s s i b i l i t y  i s  t h a t  p e n t o s e  su g a r s  w ith  
u n s u b s t i t u t e d  g l y c o l  g ro u p in g s  m ight g i v e  a p o s i t i v e  r e a c t i o n .  
I t  i s  known ( P e a r s e ,  1953) t h a t  a d e n o s in e -5 -p h o s p h o r ic  a c id
(95)
and a d e n o s in e  t r i p h o s p h a t e ,  i n  w hich t h e  1 , 2 . g l y c o l  o f  D( - )  
r i b o s e  i s  f r e e ,  g i v e  a p o s i t i v e  r e s u l t  i n  v i t r o  and i n  t h e  
p o s i t i o n  w here th e y  would h e  e x p e c te d  t o  h e  found in  s e c t i o n s .
Thus we s e e  t h a t  i t  i s  a p o s s i b i l i t y  th a t  a l a r g e  
number o f  w id e ly  d i f f e r i n g  s u b s ta n c e s  m ight g i v e  a p o s i t i v e  
r e a c t i o n  w ith  th e  P .A .S .  t e c h n iq u e ,  as  lo n g  as th e y  c o n t a in  
v i c i n a l  -OH or -OH and -HH^ g r o u p s ,  and perhaps -OH and 
-HER g r o u p s .
( i i )  M eta ch ro m a sia • A m etachrom atic  r e a c t i o n  i s  s e e n  when
t h e r e  i s  s t a i n i n g  o f  a t i s s u e  component s o  t h a t  th e  a b s o r p t io n  
sp ectru m  o f  t h e  r e s u l t i n g  t i s s u e - d y e  com plex d i f f e r s  
s u f f i c i e n t l y  from  t h a t  o f  th e  o r i g i n a l  d y e ,  and from i t s  
o r d in a r y  t i s s u e  c o m p le x e s ,  t o  g i v e  a marked c o n t r a s t  in  
c o l o u r s .
I t  may b e  prod u ced  by a w ide v a r i e t y  o f  dyes b h t
th o s e  o f  th e  t h i a z i n  s e r i e s  a r e  u su a l ly ^ m p lo y e d .  The r e a c t i o n
was f i r s t  o b se r v e d  b y  C o r n i l  i n  1875 and s i n c e  th e n  i t  has  
b een  u se d  e x t e n s i v e l y  in  m o r p h o lo g ic a l  s t u d i e s .  In  more 
r e c e n t  y e a r s  th e  method has b een  u se d  e x t e n s i v e l y  in  
h i s t o c h e m ic a l  s t u d i e s .
The f i r s t  s u g g e s t i o n  r e g a r d in g  i t s  i n t e r p r e t a t i o n  
was t h a t  o f  M ic h a e l i s  ( 1902) who th ou gh t t h a t  t h e  d i f f e r e n t
c o lo u r  r e a c t i o n  w ith  d i f f e r e n t  s u b s ta n c e s  m ight b e  due to  
fo r m a t io n  o f  tau tom ers  o f  th e  dye v /ith  t h e s e  s u b s t a n c e s .
Each tautom er p o s s e s s i n g  a d i f f e r e n t  a b s o r p t io n  spectrum
( 9 6 )
(H o lm es , I9 2 6 ) . More r e c e n t  work s u g g e s t s  th a t  I t  m ight  
h e  due t o  polym er fo r m a t io n  in  t h e  p r e s e n c e  o f  c e r t a i n  
c h em ica l  g r o u p s .  ( K e l l y  and M i l l e r ,  1935; Bank and 
Bung erib e r g  de J o n g ,  1939; Hempelmann, I 9 4 0 ; M ich ael i s  
and G-ranick, 1945; .M ic h a e l is ^  1947; Lands wmeer, 1931;
M a ssa r t ,  O oussens and S i l v e r ,  1 9 3 1 . )
The s u b s ta n c e s  which produce t h i s  p o ly m e r i s a t io n ,  
a t  l e a s t  a s  f a r  as t h e y  a r e  found in  h i s t o l o g i c a l  s e c t i o n s ,  
a r e  th o u g h t  t o  h e  p o ly s a c c h a r id e s  c o n t a in in g  u r o n ic  a c id s  in  
a d d i t i o n  t o  s u l p h a t e  groups ( L i s o n ,  1 9 3 5 ) ,  or p o ly m er ic  
m etap h osp h ate  groups (Bank and Bungenherg de J o n g , 1939;  
M ic h a e l i s  and G-ranick, 1945; M ic h a e l i s ,  1 9 4 7 ) .
A c c o r d in g  to  th e  t e c h n iq u e  u sed  t h e  d e g r e e  o f  
m etachrom asia  v a r i e s  ( B e n s l e y ,  1934; P e y r t e r ,  1 9 3 6 ; B ie n w a ld ,  
19 39 ; H er la n d , 19 43; H es s and Hoi land  e r , 19 47) 9 and one  
must h e  guarded i n  draw ing c o n c lu s io n s  as  to  s p e c i f i c i t y  
when a l c o h o l i c  d e h y d r a t io n  o f  th e  s e c t i o n  i s  u sed  p r i o r  
to  exam inatj on ( M i c h a e l i s , 1947)*  S y l v e n ( l 9 3 0 )  g o es  as  
f a r  as to  s a y  t h a t  i t  i s  o n ly  s a f e  to  draw c o n c lu s io n s  
r e g a r d in g  p o s i t i v e  and n e g a t iv e  r e a c t i o n s  when th e  s e c t i o n  
i s  examined i n  w a t e r .  When examined in  w ater gamma ( r e d )  
m etachrom asia  i s  p r o b a b ly  due to s u lp h a t e  e s t e r s ;  t h e s e  a r e  
r e l a t i v e l y  a l c o h o l  r e s i s t a n t .  Less a l c o h o l  r e s i s t a n t  
m etachrom asia  and b e t a  ( v i o l e t )  m etachrom asia  can b e  ca u sed  
by h i g h l y  p o ly m e r iz e d  c a r b o h y d ra te  or p h o sp h a te  c o n t a in in g
( 9 7 )
compounds, i . e .  gamma m etachrom asia  i s  th o u g h t to  i d e n t i f y  
a c id  m u c o p o ly s a c c h a r id e s  and b e t a  m etachrom asia  i s  tak en  
t o  i n d i c a t e  p o ly m e r iz e d  compounds c o n t a in in g  c a r b o x y l  or  
p h o sp h o r y l  g ro u p in g s  ( P e a r s e ,  1 9 5 3 ) .  S y lv e n  and Malmgren 
( 1952) s t a t e  t h a t  m e ta c h r o m a s ia ’cannot b e  u sed  to  d i s t i n g u i s h  
b etw een  d i f f e r e n t  p o l y e l e c t r o l y t e s . ’
N u c le i c  a c id s  a c c o r d in g  to some a u th o r s  ( W i s l o c k i ,  
B u n tin g  and Dempsey, 1947: P e a r s e ,  1 9 4 3 .)  w i l l  s t a i n  
m e t a c h r o m a t ic a l ly  i n  p a r a f f i n  s e c t i o n s  b u t  a c c o r d in g  to  
M ic h a e l i s  ( 1947) t h e y  w i l l  o n ly  s t a i n  in  an undehydrated  
s t a t e .  The r e l a t i o n s h i p  b etw een  a l c o h o l i c  d e h y d r a t io n  
and m etach rom asia  rem ains a v ery  c o n fu se d  q u e s t io n  t h a t  
has n o t  y e t  b e e n  answ ered  s a t i s f a c t o r i l y .  I t  i s  c o n s id e r e d  
in  some d e t a i l  b y  P e a r s e  ( 1 9 5 3 ) .
The r e l a t i o n s h i p  betw een -m etach rom asia  and the  
P .A .3 .  t e c h n iq u e  i s  an i n t e r e s t i n g  one and i t  w i l l  l a t e r  
b e  d i s c u s s e d  i n  d e t a i l .
( i i i )  D i a l y s e d  i r o n  m ethod. T his  method which was 
in tr o d u c e d  b y  C.W .Hale in  I 946 depends on th e  co m b in a t io n  
o f  d i a l y s e d  i r o n  w ith  t h e  s u lp h a t e  groups o f  m u co p o ly sa cch a r id es  
or w ith  th e  u r o n ic  groups o f  h y a lu r o n ic  a c id  where t h i s  
o ccu rs  in  i t s  n o n -su lp h a  te d  form , a f t e r  s u i  t a b l e  f i x a t i o n .
( T h is  q u e s t io n  o f  s u lp h a t e d  and n o n -s u lp h a te d  forms o f  
h y a lu r o n ic  a c i d  has  a l r e a d y  b e e n  c o n s id e r e d  in  s e c t i o n  one 
o f  t h i s  t h e s i s . )  The combined i r o n  i s  d em on stra ted  a l t e r
(98)
thorough  w a sh in g  o f  t h e  t i s s u e s ,  by t h e  P r u s s ia n  "blue 
r e a c t i o n .  I t s  s u c c e s s f u l  u s e  has  "been r e p o r te d  "by Hudack, 
B lu n t ,  H ig b ee  and K e a r in ,  (19^4-9) and h y  R i t t e r  and O le so n  
( 1 9 3 0 ) ,  h u t  i t s  s p e c i f i c i t y  i s  d o u b t f u l .  ( L i l l i e  and Mowry, 
19U9; P e a r s e ,  1933*) A m o d i f i c a t io n  o f  i t  in tr o d u c e d  h y  
R in eh a rt  and A bul-H aj ( 1931b) does n o t  seem  to  h e  any more 
s p e c i f i c .
( i v )  L ip id  m eth o d s .  As has a lr e a d y  h e e n  p o in te d  out  
c e r t a i n  s u b s t a n c e s ,  g l y c o l i p i d s ,  u n s a tu r a te d  l i p i d s  and 
p h o s p h o l i p i d s ,  may g i v e  a p o s i t i v e  P .A .S .  r e a c t i o n  and i f  
t h e i r  p r e s e n c e  i s  s u s p e c t e d  a t  any s i t e  one o f  the  f o l l o w i n g  
methods can  h e  u se d  to i d e n t i f y  them.
( a )  Com parison o f  s e c t i o n s  from two b lo ck s '  o f  t i s s u e  
one o f  w h ich  has h e e n  s u b j e c t e d  to  a l i p i d  e x t r a c t i o n .
(B a k e r ,  I 9 I46; R ob erts  and J a r r e t ,  19^7)*
( h )  S t a i n i n g  o f  c o n t r o l  s e c t i o n s ,  e i t h e r  p a r a f f i n  or 
f r o z e n ,  w ith  Sudan b l a c k .
( c )  S t a i n i n g  by  th e  p er fo rm ic  a c i d - S c h i f f  method  
( L i l l i e ,  1932; P e a r s e ,  1953) which i d e n t i f i e s  u n s a tu r a te d  
l ip  i d s .
( v )  H y a lu r o n id a se  e x t r a c t i o n .  The r e l a t i o n s h i p  b etw een  
h y a lu r o n id a s e  and the ground s u b s ta n c e  o f  c o n n e c t iv e  t i s s u e  
has a lr e a d y  b e e n  d i s c u s s e d  and w i l l  n o t  b e  r e p e a te d  h e r e .
T h is  method h as  b e e n  u se d  in  an a ttem p t to  in c r e a s e  th e
( 9 9 )
s p e c i f i c i t y  o f  t h e  P .A .S .  and m etachroraatic  r e a c t io n s *
I t  u s u a l l y  c o n s i s t s  o f  in c u b a t in g  s e c t i o n s  i n  a s o l u t i o n  
o f  t h e  enzyme f o r  a c e r t a i n  t im e a t  a c e r t a i n  tem p era tu re  
and com paring t h e  s u b s e q u e n t ly  s t a i n e d  s e c t i o n  w ith  a c o n t r o l .  
Where any p o s i t i v e  c o lo u r  r e a c t i o n  i s  removed th e n  th e  s i t e  
o f  t h a t  rem oval may b e  c o n s id e r e d  t h e  s i t e  o f  a h y a lu r o n id a s e  
s e n s i t i v e  m a t e r i a l .  The s p e c i f i c i t y  o f  t h e  method f o r  
rem oval o f  h y a lu r o n ic  a c i d  i s  open to  d o u b t,  d ep en d in g  on 
t h e  t e c h n iq u e  u s e d ,  and a v e r y  f u l l  c o n s id e r a t i o n  o f  i t s  
u s e  i s  g iv e n  b y  P e a r s e  ( 1 9 5 3 ) .  He c o n s id e r s  t h a t  
m etach rom atic  m a t e r i a l ,  i n  f i x e d  t i s s u e s  embedded in  p a r a f f i n ,  
whose m etach rom asia  i s  r e v e r s i b l e  b y  a th r e e  h ou rs  in c u b a t io n  
w ith  p u r i f i e d  t e s t i c u l a r  e x t r a c t ,  i s  ( a )  o f  a m u co p o ly sa cch a r­
id e  n a tu r e  and ( b )  i s  e i t h e r  c h o n d r o i t in  s u lp h a t e  or h y a lu r o n ic  
a c i d ,  o r  a m ix tu r e  o f  t h e s e .
( v i )  Chromic a c i d ,  p o ta ss iu m  perm anganate , l e a d  t e t r a ­
a c e t a t e ,  and sodium  b ism u th a te  t e c h n iq u e s .  The 
method o f  Bauer ( 1933) u t i l i s e d  th e  h y d r o l y s i s  and o x i d a t i o n  
o f  g ly c o g e n  and m u c o p o ly sa c c h a r id e  e t c . ,  w ith  chrom ic a c id  
and i d e n t i f i c a t i o n  o f  the  a ld eh y d es  produced b y  S c h i f f ! s  
r e a g e n t .
The Case 11a r e a c t i o n  ( C a s e l l a ,  I9k2) u sed  p o ta ss iu m  
perm anganate f o r  th e  same p u rp ose  and g iv e s  a v e r y  s im i l a r  
r e s u l t  ( L i l l i e ,  1 9 5 1 b ) .  B oth  o f  t h e s e  te c h n iq u e s  i d e n t i f y  
th e  same groups as  do th e  P .A .S . m ethod . They a r e  open to
( 1 0 0 )
th e  o b j e c t i o n  t h a t  t h e  p o ly a ld e h y d e  produced  b y  them may 
b e f u r t h e r  o x i d i s e d  to  c a r b o x y l  groups and th u s  a p o t e n t i a l l y  
p o s i t i v e  s u b s t a n c e  may g i v e  a n e g a t iv e  r e s u l t .  T h e ir  
p o t e n t i a l  s p e c i f i c i t y  i s  th e  same a s  t h a t  o f  p e r io d ic  a c i d  
but t h e i r  p r a c t i c a l  a p p l i c a t i o n  i s  n o t  so  r e l i a b l e  or  s o  
e a s y .
The l e a d  t e t r a - a c e t a t e  r e a c t i o n  (C r ip p a ,  1951;
Jord an  and McManus, 1952; Sh im izu  and Kumamato, 1952;
L h otk a , 1952a) i d e n t i f i e s  a l l  groups d e t e c t e d  b y  p e r io d ic  
a c id  b u t  i t  w i l l  o n ly  p rod u ce  a ld e h y d e s  from h y d r o x y ly s in e  
and n o t  from s e r i n e  and t h r e o n in e ,  and i t  w i l l  o n ly  p rod u ce  
h a l f  a s  many a ld e h y d e s  from a g iv e n  number o f  .CHOH .CHNH^. 
groups as w i l l  t h e  p e r i o d i c  a c i d .  In  a d d i t i o n  i t  w i l l  
oxid ise .C H O H . G00H. groups to  produce  a ld e h y d e s .  (P u s o n ,  1950;  
G-legg, Glerm ont and L e b lo n d ,  1 9 5 2 ) .  T h ese  d i f f e r e n t
i
s p e c i f i c i t i e s  p rod u ce  weaker s t a i n i n g  in  t h e  p r o t e i n  f i b r e  
background o f  s e c t i o n s  and i n  c e r t a i n  s t r u c t u r e s ,  and s t r o n g e r  
s t a i n i n g  i n  c e r t a i n  e p i t h e l i a l  m u cin s ,  when compared w ith  
th e  P .A .S .  t e c h n iq u e .  The weaker background s t a i n i n g  may 
b e  due to t h e  f a c t  t h a t  o n ly  bound h y d r o x y ly s in e  i n  th e  p r o t e i n  
f i b r e s  may b e  r e a c t i n g  b u t bound s e r i n e ,  th r e o n in e  and  
h y d r o x y ly x in e  a r e  n o t  su p p o sed  to  r e a c t  w i th  p e r i o d i c  a c i d  
in  th e  t i s s u e  in  any c a s e  ( P e a r s e ,  1 9 5 3 ) .  The s t r o n g e r  
r e a c t i o n  w itn  p e r i o d i c  a c id  i n  k id n e y  b ru sh  border f o r  
in s t a n c e  m ight b e  due to  more a ld e h y d e s  b e i n g  produced from  
.CHOH. CHNH2 groups p r e s e n t  and t h e  s t r o n g e r  r e a c t i o n  w ith
( 1 0 1 )
le a d  t e t r a - a c e t a t e  i n  c e r t a i n  r e c t a l  g o b le t  c e l l s  may be  
due to  t h e  p r e s e n c e  o f  .CH0H.C00H. g r o u p s .  A s i m i l a r  
r e s u l t s  i s  o b t a in e d  w ith  sodium  b ism u th a te  ( R ig b y ,  1950;  
L hotka , 1952b) The a ld e h y d e s  produced in  b o th  t h e s e  
t e c h n iq u e s  do n o t  appear t o  b e  f u r t h e r  o x i d i s e d .
( v i i )  G-lycogen m eth o d s . There a r e  s e v e r a l  ways o f  
i d e n t i f y i n g  g ly c o g e n  in  t i s s u e s .
The i o d i n e  method f i r s t  used  b y  C laude Bernard  
( 1877) and s u b s e q u e n t ly  u t i l i s e d  by o th e r s  ( L anghans, 1 8 9 0 ; 
D r i e s s e n ,  1905; Gage, 1917; C a r le t o n ,  1938; Mane i n i ,  19 44$)  
c a n  be s u c c e s s f u l l y  u s e d ,  d e s p i t e  i t s  n o n - s p e c i f i c i t y  f o r  
c o lo u r  r e a c t i o n ,  i f  a d i a s t a s e  c o n t r o l  i s  em ployed.
The ammoniac a 1 carm ine method o f  B e s t  ( 1 9 0 6 ) 
i s  th e  b e s t  known and most w id e ly  u sed  d e s p i t e  th e  f a c t  
th a t  i t s  mode o f  a c t i o n  i s  n o t  u n d e r s to o d .  O ther methods  
a r e  t h e  s i l v e r  n i t r a t e  t e c h n iq u e s  o f  M i t c h e l l  and W is lo c k i  
( 1 9 4 4 ) ,  Gomori ( 1 9 4 6 ) ,  A rzac ( 1 9 4 8 )  and A rzac and F lo r e s  
(1 9 ^ 9 )  and th e  P .A .S .  and o th e r  o x id a n t  t e c h n iq u e s  m entioned  
a b o v e .
None o f  t h e s e  methods i s  p a r t i c u l a r l y  s p e c i f i c  
fo r  g ly c o g e n ^  e x c e p t  th a t  o f  B e s t ,  and i n  a l l  o f  them c o n t r o l  
s e c t i o n s ,  e x p o sed  t o  d i a s t a s e  must b e  u s e d .  Some a u th o r s  
(B a u e r ,  1933: Bens l e y ,  1939) u se  s a l i v a r y  d i a s t a s e  o th e r s  
( L i l l i e  and G reco , 1947; B u n tin g  and W h ite ,  1 9 5 0 . )  recommend 
m alt d i a s t a s e  b u t b o th  a r e  e q u a l ly  g o o d .
( 102)
I t  has lo n g  h e e n  c o n s id e r e d  t h a t  g ly c o g e n  i s  
v e r y  s o l u b l e  in  w a ter  and. many i n v e s t i g a t o r s  (A r n o ld ,  I9O8 ,* 
M u llen , 1944; L i l l i e  and G reco , 1 9 4 7 . )  u s e  c e l l o i d i n  c o v e r e d  
s e c t i o n s  to  p r e v e n t  i t s  l o s s  d u r in g  s t a i n i n g ,  w h i l e  o th e r s  
l i m i t  i t s  e x p o su r e  t o  aqueous s o l u t i o n s .  (L anghan , 1890;  
D r i e s s e n ,  190p; Gage, 1917; G a r le to n ,  1938; H o tc h k is s ,  1 9 4 8 .)
I f  c e l l o i d i n  i s  u se d  i n  c o n j u n c t io n  w ith  t h e  P .A .S .  or  
a s s o c i a t e d  t e c h n iq u e s  i t  w i l l  g i v e  a c o lo u r  r e a c t i o n  dine 
to  i t s  h e x o s e  n a t u r e ,  v/hich w i l l  c o m p le te ly  i n v a l i d a t e  any  
obs er v a t  io n s  •
( v i i i )  M eth y len e  b l u e  e x t i n c t i o n .  T h is  m ethod, w hich  
•was in tr o d u c e d  b y  P i s c h in g e r  ( 1 9 2 6 , 1927*) has b e e n  u se d  b y  
Dempsey and S in g e r  ( 1 9 4 6 ) ,  Dempsey B u n t in g ,  S in g e r  and W is lo c k i ,  
(19*17) and Dempsey, S in g e r  and W is lo c k i  ( 1 9 5 0 )  as  a q u a n t i t a t i v e  
s p e c tr o p h o to m e tr ic  method o f  e s t im a t in g  t h e  d e g r e e  o f  
b a s o p h i l i a  o f  t i s s u e  compounds. I t  e n t a i l s  t h e  u s e  o f  
e x tr e m e ly  d i l u t e  s o l u t i o n s  o f  m eth y len e  b l u e  a t  v a r io u s  pH 
l e v e l s  f o r  24 h ou rs  and com parison  o f  t h e  s e c t i o n s  so  p r e p a r e d ,  
P e a r se  ( 1 9 4 9 ,  1950) h a s  found t h e  method p a r t i c u l a r l y  u s e f u l  
fo r  d i f f e r e n t i a t i n g  b e tw e e n  a c id  m u c o p o ly sa c c h a r id e s  and 
m u c o o r o te in s ,  and h e  s t a t e s  ( 1 9 5 3 )  t h a t  i f  n u c l e i c  a c id s  can  
b e  e x c lu d e d  th e  c a p a c i t y  to  b in d  m eth y len e  v a lu e  b e lo w  pH 
4 a lm ost c e r t a i n l y  i n d i c a t e s  s u lp h a t e  groups and thus a c id  
m u c o p o ly s a c c h a r id e s ,  e x c e p t  fo r  c e r t a i n  l i p i d  co m p le x e s .
( 1 0 3 )
By u s i n g  any o f  th e  t e c h n iq u e s  l i s t e d  above  
( i i - v i i i ) a f u r t h e r  d i f f e r e n t i a t i o n  o f  t h e  groups o f  s u b s ta n c e s  
g iv in g  a p o s i t i v e  r e s u l t  w ith  t h e  P .A .S .  t e c h n iq u e  can b e  made.
M etachrom asia  ought to i d e n t i f y  s im p le  and com plex  
a c id  m u c o p o ly s a c c h a r id e s  i n  d eh yd rated  s e c t i o n s .  The 
d i a l y s e d  i r o n  method has b e e n  s t a t e d  t o  h ave  i d e n t i f i e d  t h e  
s im p le  a c i d  m u c o p o ly sa c c h a r id e  h y a lu r o n ic  a c i d .  The l i p i d  
methods w i l l  i d e n t i f y  g l y c o l i p i d s  and o th e r  l i p i d  c o n t a in in g  
s u b s t a n c e s .  H y a lu r o n id a se  e x t r a c t i o n  m ight p erm it  th e  
i d e n t i f i c a t i o n  o f  the h y a lu r o n ic  a c i d - c h o n d r o i t i n  s u lp h a t e  
grou p . D i a s t a s e  w i l l  e l im in a t e  g ly c o g e n  and th e  m e th y le n e  
b lu e  e x t i n c t i o n  method w i l l  p erm it  th e  i d e n t i f i c a t i o n  o f  
com plex a c i d  m u c o p o ly sa c c h a r id e s  w ith  a r e a s o n a b le  d e g r e e  
o f  a c c u r a c y .
Thus g ly c o g e n ,  t h e  g l y c o l i p i d s  and o th e r  p o s s i b l e  
l i p i d  c o n ta m in a n ts  can  b e  d e f i n i t e l y ,  and s u lp h e r  c o n t a in in g  
(c o m p le x )  a c i d  m u c o p o ly sa c c h a r id e s  p o s s i b l y ,  e l im in a t e d  from  
th e  c l a s s i f i c a t i o n  o f  P .A .S .  p o s i t i v e  s u b s t a n c e s .  T h is  
means how ever t h a t  some d i f f i c u l t y  w i l l  be  found in  d i f f e r ­
e n t i a t i n g  su ch  s u b s ta n c e s  a s  h y a lu ro n ic ,  a c id  and c h o n d r o i t in  
( s i m p le  and com plex  a c i d  m u co p o ly sa cch a r id es  o f  c o n n e c t iv e  
t i s s u e  o r i g i n  w hich  were th e  s u b s ta n c e s  o f  i n i t i a l  i n t e r e s t  
in  t h i s  i n v e s t i g a t i o n )  and i t  w i l l  n o t  b e  p o s s i b l e  t o  
d i f f e r e n t i a t e  b e tw e e n  com plex a c id  m u co p o ly sa c c h a r id e s  such  
as e p i t h e l i a l  m ucin and s i m i l a r  s e c r e t i o n  p r o d u c ts  in  o th e r
( 1 0 4 )
a r e a s ,  and t h e  m u co p ro te in s  and g l y c o p r o t e i n s .  A lth o u g h  
th e  s i t e  o f  r e a c t i o n  o f t e n  g i v e s  in fo r m a t io n  as to  which  
c l a s s i f i c a t i o n  t h e  s u b s ta n c e  b e lo n g s  t h i s  i s  n o t  a r e l i a b l e ,  
method o f  d i f f e r e n t i a t i n g  b etw een  them .
I t  was thus f e l t  th a t  i t  would b e  d e s i r a b l e  i f  
some method o f  d o in g  t h i s  co u ld  b e  fo u n d .
( b ) A ttem p ts  to  d e v e lo p  a new h i s t o c h e m ic a l  method f o r  
• p o ly s a c c h a r id e s .
W hile  c o n s id e r i n g  th e  o x i d i s i n g  a g e n ts  a v a i l a b l e  
f o r  p r o d u c t io n  o f  a ld e h y d e s  from 1 , 2 . g l y c o l s  in  p o ly s a c c h a r ­
id e s  i t  was b ro u g h t  to  my n o t i c e  th a t  Munro ( 1 9 5 1 )  had u se d  
an a l k a l i n e  s o l u t i o n  o f  n i c k e l  f e r r i c y a n i d e  f o r  t h i s  p u r p o se .  
He found t h a t  t h i s  s o l u t i o n  w i l l  r e a c t ,  a t  a r a t e  d ep en d in g  
on t h e  tem p e r a tu r e  w ith  c e r t a i n  p o ly h y d r ic  a l c o h o l s  and 
t h e i r  a n a lo g u e s ,  o x i d i s i n g  c i s  or t r a n s  g l y c o l s .  I t  was 
n o t  known w hether s u b s t i t u t e d  g l y c o l s  were a f f e c t e d  and 
whether or n o t  t h e  r e a c t i o n  s to p p ed  a t  t h e  a ld e h y d e  s t a g e .
O f< th e  many s u b s ta n c e s  which g i v e  t h e  r e a c t i o n  t h o s e  o f  
i n t e r e s t  i n  t h e  p r e s e n t  d i s c u s s i o n  a r e  s e r i n e ,  th r e o n in e  
and g lu c o s a m in e .
I t  was f e l t  t h a t  i f  th e  p r o d u c t io n  o f  a ld e h y d e s  
by  t h i s  r e a c t i o n  was s u f f i c i e n t  to  c o n v e r t  l e u c o f u c h s in  
to t h e  c o lo u r e d  compound t h e  t e c h n iq u e  m ight p ro v e  a u s e f u l
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supplem ent to  o th e r  methods fo r  i n v e s t i g a t i n g  c a r b o h y d r a te s  
in  t i s s u e s  •
S e c t i o n s  w ere d e p a r a f f i n i z e d  ta k e n  to  w a te r  and 
in c u b a te d  in  a m ix tu re  o f  one p a r t  NiSO^ ( lO m g ./m l. ) :  f i v e  
p a r t s  a l k a l i n e  f e r r i c y a n i d e  (0 .217 NaOH as s o lv e n t )  f o r  t im e s
v a r y in g  from 13 m in u tes  to  i+8 hours a t  room te m p era tu re
/  ^ \ o( a p p r o x im a t e ly  19 0 . )  and 13 m in u tes  to  U hour©' a t  37 0 .
I n c u b a t i o n  f o r  p e r i o d s  l o n g e r  -than t h e s e  c a u s e d  r e m o v a l
o f  a l l  s e c t i o n s  f ro m  t h e  s l i d e s .  A f t e r  i n c u b a t i o n  i n  t h e
a l k a l i n e  n i c k e l  f e r r i c y a n i d e  m ix tu re  t h e  s e c t i o n s  w ere
washed and p la c e d  in  S c h i f f ’ s s o l u t i o n  a t  room tem p era tu re
f o r  t i m e s  v a r y i n g  f ro m  13 m i n u t e s  t o  1 h o u r ,  and t h e n  w e re
washed d e h y d r a te d  and m ounted . Kb c o lo u r  r e a c t i o n  was
produced and i t  was th u s  co n c lu d ed  t h a t ,  e i t h e r  no r e a c t i v e
s u b s ta n c e s  w ere p r e s e n t  in  s u f f i c i e n t  amount, or i n s u f f i c i e n t
a ld eh y d es  w ere p ro d u ced , or any a ld e h y d e s  which were b e in g
p r o d u c e d  w e r e  b e i n g  r a p i d l y  o x i d i s e d .
I t  was t h e n  s u p p o s e d  t h a t  t h e  a l k a l i n e  f e r r i c y a n i d e
s o l u t i o n  m igh t a c t  upon 1 ,2  g l y c o l s  i n  c e r t a i n  s u b s ta n c e s
and o x i d i s e  them , w ith  d e s t r u c t i o n  o f  th e  a ld e h y d e s ,  so
th a t  t h e s e  p a r t i c u l a r  g l y c o l s  would n ot b e  a v a i l a b l e  f o r
su b seq u en t o x i d a t i o n  b y  p e r io d ic  a c i d .  Thus th e  d e g r e e  o f
r e a c t i v i t y  w i t h  t h e  P . A . S -  t e c h n i q u e  m ig h t  b e  r e d u c e d  and  t h e
method  made more s p e c i f i c .
Thus s e c t i o n s  of a s e l e c t i o n  o f  t i s s u e s  were t r e a t e d
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w ith  a l k a l i n e  n i c k e l  f e r r i c y a n i d e  a t  th e  above t im e s  and 
te m p e r a tu r e s ,  c a r r i e d  th rou gh  t h e  P .A .S .  t e c h n iq u e ,  
d e h y d r a te d ,  c l e a r e d  and m ounted . The hoped f o r  c o lo u r  
r e d u c t io n  was n o t  s e e n  b u t  t h e r e  was an i n c r e a s e  i n  th e  
i n t e n s i t y  o f  th e  c o l o u r  r e a c t i o n  o f  t h e  mucus o f  th e  
Brunner’ s  g la n d s  o f  t h e  r a b b i t  duodenum and o f  th e  g o b l e t  
c e l l s  o f  human r ec tu m . F u r th e r  i n v e s t i g a t i o n  showed t h a t  
th e  maximum ch a n g e  o f  c o lo u r  co u ld  b e  produced by in c u b a t io n  
o f  th e  s e c t i o n s  i n  t h e  s o l u t i o n  a t  room tem p era tu re  f o r  
15 minut e s .
The n i c k e l  i s  p r e s e n t  i n  th e  s o l u t i o n  as  a c a t a l y s t  
and can  b e  l e f t  o u t  and t h e  r e a c t io n s  o b se rv ed  b y  Munro can  
s t i l l  b e  o b t a in e d  b u t  a t  a s lo w e r  r a t e .  I t  th u s  m i^ i t  b e  p o ss ib l<  
t h a t  a s lo w e r  r e a c t i o n  m ight produce  a d i f f e r e n t  e f f e c t ,  
e s p e c i a l l y  w i t h  r e g a r d  t o  t h e  p r o d u c t io n  and su b seq u en t  
o x id a t io n  of a ld e h y d e s .  Thus th e  above m en tion ed  t e s t s  
were r e p e a te d  u s i n g ' t h e  a l k a l i n e  f e r r i c y a n i d e  s o l u t i o n  a lo n e  
in  a 5 :1  m ix tu r e  w ith  w a t e r .  The s e c t i o n s  w ere c a r r i e d  
through as  b e f o r e  and t h e  same o b s e r v a t io n s  were made.
As th e  f e r r i c y a n i d e  and n i c k e l  f e r r i c y a n i d e  
s o lu t i o n s  s p l i t  1 , 2- g l y c o l s  and te n d  to  o x i d i s e  th e  a ld e h y d e s  
produced th e y  would b e  e x p e c te d  to  red u ce  t h e  i n t e n s i t y  o f  
any c o lo u r  r e a c t i o n  n o t  to i n c r e a s e  i t  a s  has  o c c u r r e d .
R e a l i s a t i o n  o f  t h i s  s u g g e s t e d  th a t  t h e  c o l o u r  change may 
have been  due t o  th e  a l k a l i n e  n a tu r e  o f  t h e  s o l u t i o n s .
( 1 0 7 )
C o n se q u e n t ly  t h e  e n t i r e  p ro ced u re  was r e p e a te d  u s in g  a 
0 .2N  s o l u t i o n  o f  NaOH i n  p l a c e  o f  th e  f e r r i c y a n i d e  s o l u t i o n s .  
This p rod u ced  th e  same r e s u l t  as b e f o r e .  B e c a u se  o f  
t h i s  f i n d i n g  i t  was d e c id e d  to  i n v e s t i g a t e  t h e  e f f e c t  o f  
t h i s  p r o c e d u r e  on numerous t i s s u e s  b e f o r e  c o n t in u in g  t o  
s tu d y  t h e  ch an ges  i n  P .A .S .  p o s i t i v e  m a t e r ia l  i n  h e a l i n g  
wounds •
( c )  I n v e s t i g a t i o n  in t o  t h e  e f f e c t  o f  a l k a l i  on su b seq u en t  
s t a i n i n g  w ith  th e  P .A .S .  r e a c t i o n •
( 1 )  M a t e r ia l s  and m eth o d s .  As i n t e r p r e t a t i o n  o f  th e  
r e s u l t s  depended  on i n t e n s i t y  o f  th e  c o lo u r  r e a c t i o n  
which d e v e lo p e d ,  c a r e  was ta k e n  to s u b j e c t  a l l  s e c t i o n s  
to  i d e n t i c a l  p r o c e d u r e s .
The p e r i o d i c  a c i d  s o l u t i o n  was, p rep a red  as  
d e s c r ib e d  b y  H o tc h k is s  ( 1948) and was u se d  i n  p r e f e r e n c e  
to  an aqueous p r e p a r a t io n  b e c a u s e  o f  th e  q u e s t io n  o f  
s o l u b i l i t y  i n  w a te r  o f  th e  s u b s ta n c e s  in v o l v e d .  A t im e  
o f  15 m in u tes  f o r  o x i d a t i o n  was u se d  and was found to  
produce th e  same i n t e n s i t y  o f  r e a c t i o n  as any o th e r  t im e  
a t  th e  tem p era tu re  u s e d .  A l l  o x id a t io n s  w ere c a r r i e d  out  
a t  room te m p e r a tu r e  i . e .  a p p r o x im a te ly  19 G. T$e S c h i f f  
s o l u t i o n  was p rep a red  as s u g g e s t e d  b y  L i l l i e  ( 1951a) and 
m o d if ie d  t o  conform  w ith  f in d i n g s  o f  L o n g le y  ( 1 9 5 2 )  
and A tk in s o n  ( 1 9 5 2 )  i n  ord er  to  make t h e  r e s u l t s  more e a s i l y
( 108 )
r e p r o d u c ib le .  (A p p e n d ix  I I I )
The r e d u c in g  r i n s e  s u g g e s t e d  b y  H o tc h k is s  (191*8) 
to  remove p e r i o d a t e  or  i o d a t e ,  which becam e a t ta c h e d  to  
th e  t i s s u e s  d u r in g  p e r i o d i c  a c id  o x i d a t i o n ,  and w hich  in  
th e m se lv e s  p ro d u ce  c o lo u r  i n  t h e  S c h i f f  s o l u t i o n ,  was n o t  
u s e d .  McManus ( l 9 U8b )  and L i l l i e  (1 9 5 1 b )  h ave  shown t h a t  
i t  d e c r e a s e s  t h e  amount o f  a ld e h y d e s  a v a i l a b l e  f o r  c o lo u r  
p r o d u c t io n  and my own f i n d i n g s ,  i n  agreem ent vn.th t h o s e  o f  
McManus and H o c k - L i g e t i : (1 9 5 2 )  and c o n tr a r y  to  t h o s e  o f  
P e a r se  ( 1 9 5 3 ) ,  a r e  t h a t  i t  can  s a f e l y  b e  r e p la c e d  by  
w ashing i n  w a t e r .
The s u l p h i t e  b a th  u sed  b y  H o tc h k is s  ( 1 9 U 8 ) ,
McManus (191*6), and L i l l i e  ( I9 h l , 19 U8 ) c a n ,  I  f i n d ,  b e  
s a f e l y  r e p la c e d  b y  w a s h in g .
A c e t y l a t i o n  b lo c k s  .GH0H.GH0H., .GHOH .CHNH . ,
2
and .GHOH. CHNHR. groups (G e r s h .  191*9; McManus and Cason,
19-50) and p r e v e n t s  t h e  p r o d u c t io n  o f  a ld e h y d e s  b y  subseciuent  
p e r io d ic  a c i d  o x i d a t i o n .  D e - a c e t y l a t i o n  r e tu r n s  t h e  groups  
so  b lo c k e d  to  t h e i r  o r i g i n a l  p o t e n t i a l  r e a c t i v i t y .  A c e t y l a t i o n  
o f  s e c t i o n s  was c a r r i e d  out as  d e s c r ib e d  b y  L i l l i e  ( 1 9 5 1 b ) .
I t  was found t h a t  d e a c e t y l a t i o n  i n  15% e th a n o l  and ammonia 
was more e f f i c i e n t  than  t h a t  i n  a b s o l u t e  e th a n o l  and 
ammonia as u se d  by L i l l i e .  (A ppendia  I I I ) .
Imm ersion o f  s e c t i o n s  i n  h y d roxy lam in e  h y d r o c h lo r id e  
( D a n i e l l i ,  191*9 ) ,  t o  b lo c k  a l l  a ld e h y d e s ,  was u se d  to
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d em o n stra te  t f ie  s p e c i f i c i t y  o f  th e  S c h i f f ' s  s o l u t i o n  and to  
i d e n t i f y  th e  n a t u r e  o f  th e  r e a c t i o n  p r o d u c t .  (A p p en d ix  I I I ) .
The method fo r  t h e  F e u lg e n  r e a c t i o n ,  i n  so  f a r  as  
i t  c o u ld  h e  c a r r i e d  out i n  p a r a f f i n  s e c t i o n s ,  f o l lo w e d  th e  
i n s t r u c t i o n s  o f  D a n i e l l i  ( 1 9 4 9 ) .
In  a l l  c a s e s ,  h a t c h e s  o f  s e c t i o n s  c o n t a in in g  one 
s l i d e  from each  t i s s u e  were c a r r i e d  through  each p r o c e d u r e .  
B atch es  w ere p la c e d  i n  g l a s s  rack s and t im e s  were a c c u r a t e l y  
c o n t r o l l e d .  A l l  s e c t i o n s ,  i r r e s p e c t i v e  o f  th e  f i x a t i v e  
u se d ,  w ere ta k e n  through  i o d i n e  and. t h io s u l p h a t e  when b e in g  
brought down t o  w a ter  b e f o r e  s t a i n i n g .  A l l  s o l u t i o n s  were  
renewed from s ta n d a r d  s t o c k  b o t t l e s  each  d a y .  Washing 
was c a r r i e d  o u t  in  ru n n in g  ta p  w a te r .  Glasgow tap w ater  
i s  v e r y  p u r e  and c o n s t a n t  i n  q u a l i t y  and no harm appears  
to  b e  ca u se d  b y  w ash in g  s e c t i o n s  in  i t  ( Gar veil and G a ir n s , 
1 9 5 2 ) .  B e f o r e  and a f t e r  t h e  p e r io d ic  a c i d  s o l u t i o n  th e  
s e c t i o n s  w ere washed i n  70% e t h a n o l .  A l l  s e c t i o n s  w ere  
d ehydrated  i n  90$  e t h a n o l  and two ch an ges  o f  a b s o l u t e  e t h a n o l ,  
c le a r e d  i n  x y l e n e ,  and mounted i n  D .P .X .  C o u n te r s ta in s  
were n o t  u s e d .  The t i s s u e s  used  were known to  h ave  a 
w eakly p o s i t i v e  P .A .S .  r e a c t i o n  i n  a t  l e a s t  a p a r t  o f  
t h e i r  s u b s t a n c e .  They w e r e : -
Human T i s s u e s  f i x e d  i n  10% n e u t r a l  f o r m a l in ;  h e a r t
( L i p o f u s c i n ) , c e r v i x /  u t e r i ,  p r o s t a t e ,  
rectujj.; p a n c r e a s ,  t r a c h e a ,  s u b m a x i l la r y  g la n d .
f i x e d  in  m e rcu r ic  fo r m a l in :  rectu m , am ylo id  
s p l e e n ,  a o r t a ,  u m b i l i c a l  c o r d ,  am ylo id  
l i v e r ,  myxoma, h e a r t  v a l v e .
f i x e d  i n  Bouin* s f l u i d :  lu n g  (pneum onic  
e x u d a t e ) ,  u m b i l i c a l  c o r d ,  s m a l l  i n t e s t i n e ,  
s to m a c h .
R abbit t i s s u e  f i x e d  i n  10% n e u t r a l  f o r m a l in :  duodenum, 
kid n ey .'
f i x e d  i n  B o u in 1 s f l u i d :  bone marrow.
Rat t i s s u e s  f i x e d  i n  10% n e u t r a l  f o r m a l in :  e y e ,  m e se n te r y
R e p r e s e n t a t i v e  b a t c h e s  o f  s e c t i o n s  w ere c a r r ie d  
th ro u g h -b y  each  o f  th e  f o l l o w i n g  p ro ced u res  a f t e r  h a v in g  
b een  b ro u g h t  t o  w a t e r .  Room tem p era tu re  (a p p r o x im a te ly  
19° 0 . )  Y/as u se d  e x c e p t  w here o t h e r w is e  s t a t e d .
( i )  P e r io d ic  a c i d  13 m in u te s ;  wash; S c h i f f  s o l n .  30 m in u tes  
w ash .
( i i )  S c h i f f  s o l n .  30 m in u te s ;  w ash .
( i i i ) 0 . 2 f T  NaOH 13 m in u tes  a t  22° 0 ;  wash; p e r i o d i c  a c id  13 
m in u te s ;  v/ash; S c h i f f  s o l n .  30 m in u te s ;  w ash .
( i v )  0 .2 N  NaOH 13 m in u tes  a t  22° C; wash; S c h i f f  s o l n .  30 
m inut e s ; w a sh .
(fr) A c e t y l a t i o n ;  wash; p e r i o d i c  a c i d  13 m in u te s ;  wash; 
S c h i f f  s o l n .  30 m in u te s ;  w ash .
( v i )  A c e t y l a t i o n ;  wash; d e a c e t y l a t i o n ;  eash; p e r i o d i c  
a c i d  13 m in u te s ;  wash; S c h i f f  s o l n .  30 m in u te s ;
w ash .
( v i i )  0 .2 N  NaOH 13 m in u tes  a t  22° 0 . ;  wash; a c e t y l a t i o n ;  o 
wash; p e r i o d i c  a c i d  13 m in u te s ;  wash; S c h i f f  s o l .
30 m in u te s ;  w ash .
( v i i i )  A c e t y l a t i o n ;  wash; 0 .2 N  NaOH 13 m in u tes  a t  22° G .;  
wash; p e r i o d i c  a c i d  13 m in u te s ;  wash; S c h i f f  s o l n .
30 m in u te s ;  w ash .
( i x )  D e a c e t y l a t i o n  13 m in u te s ;  wash; p e r io d ic  a c i d  15 m inutes  
wash; S c h i f f  s o l n .  30 m in u te s ;  w ash .
( x) D e a c e t y l a t i o n  2b h o u r s ;  wash; p e r i o d i c  a c i d  15 
m in u te s ;  wash; S c h i f f  s o l n .  30 m in u te s ;  w ash .
( x i )  D i a s t a s e  ( s a l i v a r y )  30 m in u tes ;  wash; p e r i o d i c  a c id  
15 m in u te s ;  wash: S c h i f f  s o l n .  30 m in u te s ;  w ash .
( x i i )  0 . 5 $  t o l i u d i n  b l u e  30 min; w ash .
( x i i i ) 0 .2 N  NaOH 15 m in u tes  a t  22° C .;  wash; 0 . 5 $  t o l i u d i n  
b l u e  30 m in u te s ;  w ash .
( x i v )  0 .2 N  NaOH 15 m in u tes  a t  22° C .;  wash; p e r i o d i c  a c id  
15 m in u te s ;  wash; h yd ro x y la m in e  60 m in u te s ;  wash;
S c h i f f  s o l n .  30 m in u te s ;  w ash .
( xv) P e r i o d i c  a c i d  15 m in u te s ;  wash; h yd roxy lam in e
60 m in u te s ;  wash; S c h i f f  s o l n .  30 m in u tes ;  w ash .
( x v i ) P e r i o d i c  a c i d  1p m in u te s ;  wash; h y d r o x y la m in e .2U 
h o u r s ;  wash; S c h i f f  s o l n .  30 m in u te s ;  w ash .
( x v i i )  H yd roxy lam in e 60 m in u te s ;  wash; 0 .1 N  HG1.
15 m in u te s ;  wash; S c h i f f  s o l n .  30 m in u te s ;  
w a sh .
( x v i i i )  P e r i o d i c  a c i d  15 m in u te s ;  wash; S c h i f f  s o l n .
30 m in u te s ;  wash; i n  th r e e  changes o f  s u l p h i t e  
s o l n . ,  5 m in u tes  i n  each ch a n g e .
( x i x )  0 .2 N  NaOH 15 m in u tes  a t  22° 0 . ;  wash; p e r i o d i c
a c i d  15 m in u te s ;  wash; S c h i f f  s o l u t i o n  30 m in u te s ;  
wash i n  t h r e e  changes of s u l p h i t e  s o l n . ,  5 m in u tes  
i n  each  c h a n g e .
( 2 )  S i g n i f i c a n c e  o f  methods and R e s u l t s .
( i )  T h is  i s  t h e  s ta n d a r d  te c h n iq u e  u se d  to  i d e n t i f y  
.GHOH.GHOH., .GHOHCHNH and .GHOH.CHNHR. groups h y  
p r o d u c t io n  o f  a ld e h y d e s  by p e r i o d i c  a c i d  o x id a t io n  and 
i d e n t i f i c a t i o n  o f  t h e  a ld e h y d e s  by r e c o l o u r i z a t i o n  o f  
S c h i f f ’ s  s o l u t i o n .
( i i )  Imm ersion d i r e c t l y  i n  S c h i f f *  s s o l u t i o n ,  v i i ich  g i v e s  
no r e a c t i o n ,  shov/s t h a t  none o f  th e  c o lo u r  produced  i n
( i )  i s  ca u se d  b y  th e  p r e s e n c e  o f  ’ f r e e ’ a ld e h y d e s  in  th e  
s e c t i o n s  or  b y  sp o n ta n e o u s  r e c o l o u r a t i o n  o f  th e  S c h i f f ’ s 
s o l u t i o n .  By *f f e e *  a ld e h y d e s  i s  meant s u b s ta n c e s  o f  
th e  n a tu r e  o f  p la sm a l  a ld e h y d e .  A f u l l  c o n s id e r a t i o n  o f  
th e  i d e n t i f i c a t i o n  o f  t h e s e  s u b s ta n c e s  i s  g iv e n  b y  Gain  
(2-9^9) and P e a r s e  ( 1 9 5 3 ) •
( 1 1 3 )
( i i i )  T h is  i s  th e  method w h ich  i n c r e a s e s  th e  i n t e n s i t y  
o f  th e  s t a i n i n g  r e a c t i o n  of c e r t a i n  s u b s ta n c e s  which  
o th e r w is e  g i v e  o n ly  a p a le  c o lo u r  w ith  p ro ced u re  ( i ) .
The maximum amount o f  change from th e  s ta n d a r d  ap p earan ce  
o ccu rred  i n  t h e  f i r s t  few  m in u tes  o f  in c u b a t io n  o f  s e c t i o n s  
in  0 . 2N NaOH a t  22° 0 .  Times o f  tem p era tu res  i n  e x c e s s  
o f  t h i s  p rod u ced  no f u r t h e r  c h a n g e .  When compared w ith  
th e  r e s u l t s  from ( i )  th e  s e c t i o n s  o f  human rectum  and 
r a b b it  duodenum showed th e  most s t r i k i n g  c h a n g e s . The 
Brunner’ s g la n d s  o f  th e  r a b b i t  duodenum changed from a f a i n t  
p in k  c o lo u r  w ith  t h e  s ta n d a r d  t e c h n iq u e  to  a deep magenta  
c o lo u r  a f t e r  t r e a tm e n t  w ith  trie NaOH s o l u t i o n  ( f i g . 23 
and 2i+.) The g o b l e t  c e l l s  o f  t h e  human rectum  changed  
from a p in k  t o  a v e r y  deep  magenta c o lo u r  ( f i g . 25 and 2 6 .)  
The f i b r i n  c l o t  o f  t h e  pneumonic exu d a te  o f  th e  lung  
in c r e a s e d  s l i g h t l y  i t s  depth  o f  c o lo u r  a f t e r  t r e a tm e n t .
In  a l l  t h e  t i s s u e s  t h e r e  was s l i g h t  i n c r e a s e s  i n  i n t e n s i t y  
o f  s t a i n i n g  o f  r e t i c u l i n ,  i n  c e r t a i n  i r r e g u l a r  a r e a s  o f  
c o l la g e n  and sarco lem m a, and i n  th e  amount o f  d i f f u s e  p in k  
c o n n e c t iv e  t i s s u e  Tsraekground (grou n d  s u b s t a n c e ) .
( i v )  I n c u b a t io n  o f  s e c t i o n s  i n  NaOH, w ith o u t  su b seq u en t  
p e r io d ic  a c i d  o x i d a t i o n ,  f o l lo w e d  b y  im m ersion i n  S c h i f f ’ s 
s o l u t i o n  was done to  f i n d  ou t i f  a ld e h y d e s  w ere b e in g  
produced . No c o lo u r  a p p e a r e d .
( v) The. a c e t y l a t i o n  b lo c k s  th e  p e r i o d i c  a c i d  r e a c t i v e
(111+)
g ro u p s .  C o lou r  was n o t  p ro d u ced .
( v i )  T h is  i s  a ch eck  on th e  s p e c i f i c i t y  o f  ( v )  "by 
removing t h e  b l o c k i n g  a g e n t ,  and i t  produced  th e  same 
c o lo u r  r e a c t i o n  a s  ( i )  .
( v i i )  The a c e t y l a t i o n  a f t e r  in c u b a t io n  i n  NaOH was 
in tr o d u c e d  t o  f i n d  w h eth er  th e  a l k a l i  was r e l e a s i n g  gro u p s,  
o th e r  th an  t h o s e  /enumerated a b o v e ,  which were s u b s e q u e n t ly  
b e in g  o x i d i s e d  t o  p ro d u ce  a ld e h y d e s .  No c o lo u r  was 
produced* T h is  showed t h a t  any groups r e l e a s e d  b y  th e
NaOH w ere o f  t h e  a b o v e  t y p e .
( v i i i )  I t  was p o s s i b l e  t h a t  t h e  a c t i o n  o f  th e  NaOH might
o n ly  b e  a d e a c e t y l a t i o n ,  so  t h i s  s t e p  was in tr o d u c e d .
An e x c e l l e n t  d e a c e t y l a t i o n ,  i d e n t i c a l  t o  t h a t  produced  
by th e  eth an o  1-ammonia m ix tu r e ,  was b ro u g h t  a b o u t ,  b u t  
in  a d d i t i o n ,  i n c r e a s e d  s t a i n i n g  o f  r e c t a l  g o b le t  c e l l  
and B runner’ s  g la n d  mucus was s e e n .  •
( i x )  As th e  NaOH can  d e a c e t y l a t e  t h i s  s t e p  was c a r r i e d  
out to  show t h a t  th e  c a u s e  o f  th e  i n c r e a s e  i n  i n t e n s i t y  
Was n o t  o f  t h i s  n a t u r e .  T h is  p r o c e d u r e ,  g iv i n g  t h e  same 
r e a c t io n  as  ( v i )  and ( i ) >  d id  n o t  p rod u ce  an y  in c r e a s e  in  
i n t e n s i t y  o f  t h e  s t a i n i n g  r e a c t i o n s  as  enumerated in  ( i i i ) .  
T h e r e fo r e  t h e  i n c r e a s e d  c o lo u r  i n  ( i i i )  i s  n o t  due to  
d e a c e t y l a t i o n .
( x) As i n  ( i x ) .
( x i )  The  d i a s t a s e  d i g e s t i o n  YVas i n t r o d u c e d  t o  show t h a t
( 1 1 5 )
none o f  t h e  i n c r e a s e d  c o lo u r  produced i n  ( i i i )  was 
a s s o c i a t e d  w ith  t h e  p r e s e n c e  o f  g ly c o g e n .  The g ly c o g e n  
r e a c t i o n s  o f  th e  squamous e p i th e l iu m  o f  th e  c e r v i x  and 
rectum , o f  t h e  w a l l s  o f  t h e  b l o o d - v e s s e l s  o f  t h e  u m b i l i c a l  
co r d ,  o f  t h e  m acrophages o f  th e  pneumonic e x u d a te ,  and  
o f  t h e  c h o n d r io c y t e s  o f  t r a c h e a ,  v/ere rem oved.
( x i i )  T h is  i s  th e  s ta n d a r d  p ro ced u re  u sed  fo r  p ro d u c in g  
m e ta c h r o m a s ia .
( x i i i )  I t  was th u s  shown t h a t  th e  NaOH d id  n o t  remove 
t h o s e  groups r e s p o n s i b l e  f o r  t h e  p r o d u c t io n  o f  m eta ch ro m a sia , 
as H ie  a p p r o p r ia t e  m etach rom atic  r e a c t io n s  o f  a l l  t i s s u e s  
w ere o b t a in e d .
( x i v ,  x v  and atvi) T h ese  p r o c e d u r e s  w ere c a r r i e d  out to  
show t h a t  t h i s  c o lo u r in g  o f  th e  S c h i f f *s  s o l u t i o n  v/as due  
o n ly  t o  t h e  p r e s e n c e  o f  a ld e h y d e s ,  w hether p ro ced u re  ( i )  
or ( i i i )  was u s e d .  In  a l l  th r e e  p ro ced u res  a p a l e  r e a c t i o n  
p e r s i s t e d  i n  what were n o r m a lly  s t r o n g l y  s t a i n i n g  a r e a s .
( x v i i )  B lo c k in g  o f  * free*  a ld e h y d e s  and p r o d u c t io n  o f  a 
F e u lg e n  r e a c t i o n  w ere c a r r i e d  out f o r  com p a r iso n  w ith  t h e  
s i t e s  o f  c o lo u r  p r o d u c t io n  i n  t h e  p r o c e d u r e s .  A f a i n t  
p o s i t i v e  r e a c t i o n  was produced i n  th e  n u c l e i  o f  t h e  r e c t a l  
e p i t h e l i a l  c e l l s ,  t h e  r e t i n a l  c e l l s ,  and t h e  p a n c r e a t ic  
a c in a r  c e l l s .  T h ere  f#as a l s o  a p e r s i s t e n t  p o s i t i v e  
r e a c t i o n  i n  t h e  c a r t i l a g e  o f  th e  tr a c h e a  t o d  throughout 
th e  c o n n e c t i v e  t i s s u e s  and a l l  n u c l e i  o f  t h e  r a t
mes e n t r y .
( x v i i i  and x i v )  E in s in g  s e c t i o n s  in  s u l p h i t e  s o l u t i o n  
a f t e r  l e a v i n g  t h e  S c h i f f ’ s  r e a g e n t  p r e v e n te d  th e  fo r m a t io n  
o f  n o n - s p e c i f i c  c o lo u r  formed b y  a tm o sp h er ic  o x i d a t i o n  o f  
absorbed S c h i f f ’ s  r e a g e n t .  T h ese  s e c t i o n s  showed no 
d i f f e r e n c e  a s  compared w ith  t h o s e  of ( i )  and ( i i i )  
r e s p e c t i v e l y .
( 3 )  D i s c u s s i o n .
The s u b s ta n c e s  w hich r e a c t  p o s i t i v e l y  w ith  th e  
P .A .S .  t e s t  and t h o s e  which s t a i n  metachroma t i c  a l l y  h a v e  
p r e v i o u s l y  b e e n  enum erated and d i s c u s s e d  and t h e i r  
r e l a t i o n s h i p  t o  each  o th e r  w i l l  now b e  c o n s id e r e d .
H o tc h k iss  ( 19h8 ) and J o r p e s ,  Werner and Aberg ( I 9 i |g )  
s t a t e d  t h a t  h y a lu r o n ic  a c i d  gave a p o s i t i v e  s p o t  t e s t  
w ith  th e  P .A .S .  t e c h n iq u e  and a p o s i t i v e  r e a c t i o n  i n  
c e r t a i n  t i s s u e s  has  b e e n  ta k en  as i n d i c a t i v e  o f  i t s  
p r e se n c e  (G-ersh, 1947; McManus, 1948; J o r p e s ,  Werner and 
Aberg, I9 4 8 ; G l i c k ,  1949; A rza c ,  1950; S ta u g h to n  and 
W e lls ,  1950; P e a r s e ,  1951; G a v a l le r o  and B r a c c i n i ,  1951;  
F r ib e r g ,  G raf and A berg , 1951; S ch ra d er  and L e u c h te n b e r g e r , 
1 9 5 1 .)  D a v ie s  ( 1952) s t a t e s  t h a t  h y a lu r o n ic  a c i d ,  
c o n s id e r e d  to  b e  th e  main c o n s t i t u e n t  o f  t h e  ’ ground  
s u b s ta n c e ’ i n  c o n n e c t iv e  t i s s u e s  ( s e e  se c o n d  p a r t  o f  t h i s  
t h e s i s ) ,  w i l l  o n ly  s t a i n  v e r y  f a i n t l y  w ith  th e  P .A .S .
t e c h n iq u e  a c c o r d in g  t o  t h e  form ula  o f  Meyer and F e l l i g  
( 1 9 5 0 ) .  He h i m s e l f  fo u n d , a s  G le g g ,  Clerm ont and 
Leblond ( 1 9 5 2 )  d i d  a l s o ,  t h a t  i t  n e i t h e r  s t a i n s  m eta -  
c h r o m a t i c a l ly  n or  w ith  p e r i o d i c  a c i d  i f  i t  i s  p r o p e r ly  
p u r i f i e d .
My own f in d i n g s  w i t h  c o m p le te ly  and in c o m p le t e ly  
p u r i f i e d  h y a lu r o n ic  a c id  p r e p a r a t io n s  co n firm  t h i s .
(A p p en d ix  V l l f ) . S y lv e n  and Malmgren ( 1952) s t a t e  t h a t  
a lth o u g h  h y a lu r o n ic  a c i d  shows a low d eg ree  o f  m eta-  
chrom asia  when c o n c e n t r a te d  i t  w i l l  n o t  do so  i n  h i s t o l o g i c a l  
s e c t i o n s ,  and Meyer and F e l l i g  ( 1950) and J e a n lo z  and 
F o r c h i e l l i  ( 1 9 5 1 )  h a v e  shown t h a t  h y a lu r o n ic  a c id  consumes  
l i t t l e  p e r i o d i c  a c i d .
With r e g a r d  to  c h o n d r o i t in  s u lp h u r ic  a c i d ,  
a com plex ( i . e .  s u lp h u r  c o n t a in in g )  a c id  m u cop o lysacch arid e^  
D a v ie s  p o i n t s  o u t  t h a t  a c c o r d in g  to th e  form ula  g i v m  b y  
Haworth ( 1 9 4 6 )  t h e  r e a c t i o n  w ith  P .A .S .  s h o u ld  b e  s t r o n g ;  
b u t  a c c o r d in g  t o  t h a t  o f  M eyer, O d ier  and S i e g r i s t  
( 1 9 4 8 ) ,  t h e  r e a c t i o n  would b e  v e r y  f a i n t .  J o r p e s ,
Werner and A berg ( 1 9 4 8 )  and Wolfrom, M adison and Cron 
(1 9 5 2 )  fou nd  t h a t  a v e r y  s m a l l  amount o f  p e r i o d i c  a c id  i s  
consumed by c h o n d r o i t in  s u lp h u r ic  a c id  a f t e r  p r o lo n g e d  
o x i d a t i o n .  S h o r t  o x id a t io n s  w i l l  produce  n e g a t iv e  
r e a c t io n s  w i t h  c h o n d r o i t in  s u lp h u r ic  a c i d  (M eyer e t  a l ,
1948; J o r p e s ,  W erner  and A b e r g ,  1948; D z i e w i a t c w s k i , l 9 5 l ;
( 1 1 8 )
G legg , C lerm ont and L e b lo n d , 1 9 5 2 . )  Thus t h i s  s u b s ta n c e  
might g i v e  a p o s i t i v e  r e a c t i o n  w ith  t h e  P .A .S .  t e c h n iq u e .
L i l l i e  ( 1 9 4 9 )  r e p o r t s  t h a t  th e  mucin ( ?  h y a lu r o n ic  
a c id )  o f  t h e  c o n n e c t i v e  t i s s u e  o f  th e  u m b i l i c a l  cord  s t a i n s  
m e ta c h r o m a t ic a i ly  h u t  g i v e s  no c o lo u r  r e a c t i o n  w ith  p e r io d ic  
a c i d .  S y lv e n  ( 1 9 4 1 # 1 9 4 5 , and 1 9 5 0 ) ,  D a v ies  ( 1943)  
W is lo c k i ,  B u n t in g  and Dempsey ( 1947)? Gfrishman ( 1 9 4 8 ) ,  
Campani and H e g g ia n i  ( 1 9 5 0 ) ,  M aneini ( 1 9 5 0 ) ,  and W is lo c k i  
and Sognnaes ( 1 9 5 0 )  r e p o r t  t h e  p r e s e n c e  o f  m etachrom atic  
ground s u b s t a n c e  in  g r a n u la t in g  t i s s u e  and o th e r  a c t i v e l y  
growing c o n n e c t i v e  t i s s u e s .  I t  appears  from t h e  d i s c u s s i o n  
in  t h e  s e c o n d  p a r t  o f  t h i s  t h e s i s  and from th e  above  remarks 
th a t  t h e  m eta ch ro m a tic  ground s u b s ta n c e  s t a i n e d  b y  th e  . 
numerous i n v e s t i g a t o r s  i s  l i k e l y  to  b e  f r e e  c h o n d r o i t in  
s u lp h a t e  w h ich  i s  p r e s e n t  in  a c t i v e l y  m u l t i p l y i n g  c o n n e c t iv e  
t i s s u e .  Thus as  h y a lu r o n ic  a c id  i s  P .A .3 .  n e g a t i v e  and 
n ot m etach rom atic  i t  does n o t  come in to  th e  i n i t i a l  
c l a s s i f i c a t i o n  o f  P .A .3 .  p o s i t i v e  s u b s t a n c e s .
I f  t h e  s t r o n g l y  P .A .S .  r e a c t i n g  s u b s ta n c e s  a r e  
l e f t  out i n  M eyer’ s c l a s s i f i c a t i o n  i t  i s  now n e c e s s a r y  to  
d i f f e r e n t i a t e  b e tv /e e n  t h o s e  m u c o p o ly sa c c h a r id e s  which r e a c t  
w eakly  and t h e  p e r s i s t e n t l y  w eak ly  r e a c t i n g  m u eop rote in s  
and g l y c o p r o t e i n s .
C h o n d r o i t in  s u l p h a t e s ,  which a r e  bound in
c o l l a g e n  t o  form a m u c o p r o te in ,  a r #  t o  g l o b u l i n  as in  
amyloid, t o  form a g l y c o p r o t e i n  (Krakow, 1897; L i l l i e ,  1 9 5 0 ) ,  
show a v a r y in g  d e g r e e  o f  m etachrom asia  and o f  r e a c t i v i t y  
w ith  th e  P .A .S .  m eth od . F r e e  c h o n d r o i t in  s u lp h a t e  and t h a t  
bound i n  c a r t i l a g e  show a s t r o n g  m etachrom asia  and a s t r o n g  
r e a c t io n  w ith  P .A .S .
Human r e c t a l  mucus and t h e  mucus o f  B runner’ s 
g lan d s  i n  t h e  r a b b i t  duodenum are c o n s i s t e n t l y  s t r o n g l y  
m etachrom atic  and w e a k ly  p o s i t i v e  w ith  p e r io d ic  a c i d .
Rabbit B ru n n er’ s g la n d s  a r e  c h a r a c t e r i s t i c  i n  t h i s  r e s p e c t  
(Chapman, 1 9 5 2 ) .  L i l l i e  ( 1951b) has p o in te d  o u t ,  in  
d i s c u s s i n g  i n t e s t i n a l  mucus and i t s  s t a i n i n g  r e a c t i o n  w ith  
th e  Bauer and C a s e l l a  t e c h n iq u e s ,  th a t  th e r e  ap p ears  to  
be an i n v e r s e  r e l a t i o n s h i p  b etw een  s t r o n g l y  P .A .S .  p o s i t i v e  
s u b s ta n c e s  and m e ta c h r o m a t ic a l ly  p o s i t i v e  o n es;  fo r  exam ple ,  
g a s t r i c  mucus s t a i n s  v e r y  s t r o n g l y  w ith  p e r io d ic  a c i d  b u t  i s  
o n ly  v e r y  w e a k ly ,  i f  a t  a l l ,  m e ta c h r o m a t ic .  R e c t a l  mucus 
g iv e s  th e  r e v e r s e  r e a c t i o n .  He s u g g e s t s  t h a t  a mucus 
w eakly  P .A .S .  p o s i t i v e  b u t  s t r o n g l y  m etachrom atic  has  
few er groups a v a i l a b l e  f o r  a ld eh y d e  p r o d u c t io n  wj.th th e  
P .A .S .  t e c h n iq u e  b e c a u s e  o f  a lo n g er  c h a in  s t r u c t u r e .
M u cop rote in s  su c h  as s u b - m a x i l la r y  mucoid a r e  
c o n s i s t e n t l y  w ea k ly  p o s i t i v e .
P ro ced u re  ( i i i )  c a u se s  an i n c r e a s e  i n  th e  P .A .S .  
s t a i n i n g  r e a c t i o n  o f  human r e c t a l  mucus and o f  th e  mucus o i
( 1 2 0 )
th e  r a b b i t  B ru n n er’ s  g l a n d s .  The f i r s t  i s  a. com plex  
a c id  m u c o p o ly s a c c h a r id e .  The e x a c t  n a tu r e  o f  th e  s e c o n d  
i s  n o t  known. An in d r  e a s e d  d ep th  in  s t a i n i n g  a l s o  occu rs  
in  r e t i c u l i n  and on th e  s u r f a c e  o f  c o l l a g e n ,  b o th  o f  which  
a re  c o n s id e r e d  to  b e  m u c o p ro te in  (M ey er , 1 9 5 2 ) .  The 
change i n  r e a c t i o n  o c c u r s  p a r t i a l l y  i n  th e  c l o t  o f  pneumonic 
ex u d a te ,  w hich  i s  p r o b a b ly  a m ix tu re  o f  serum m u co p ro te in  
and g l y c o p r o t e i n .  I t  does  n o t ta k e  p l a c e  in  s u b - m a x i l la r y  
m ucoid, w hich  i s  a m u c o p r o te in .  I t  does  n o t  ta k e  p l a c e  
i n  a m y lo id ,  w h ich  i s  a g l y c o p r o t e i n .  G-ersh (1 9 4 9 b )  
in t im a te s  t h a t  0 . 0 0 0 0 IN NaOH, a c t i n g  fo r  one hour a t  an  
u n s p e c i f i e d  t e m p e r a tu r e ,  weakens th e  P ,A .S .  s t a i n i n g  r e a c t i o n  
o f  th e  ’g ly c o p r o t e in *  of. th e  G o lg i  a p p a r a tu s .  He does n o t  
r ep o r t  t h e  e f f e c t  on t h e  su r ro u n d in g  t i s s u e s .
Meyer and Rapport ( 1 9 5 1 ) ,  in  d i s c u s s i n g  th e  
n atu re  o f  t h e  bonds b e tw e e n  th e  m u c o p o ly sa c c h a r id e  and th e  
p r o t e in  i n  t h e  m u co p ro te in s  o f  c o n n e c t i v e  t i s s u e ,  in t im a te  
th a t  t h e y  e x t r a c t  th e  m u c o p o ly sa c c h a r id e s  w ith  a 0 .3 3 N  
s o l u t i o n  o f  NaOH a t  0 °  C . Meyer ( 1952) s u g g e s t s  th a t  
m u cop rote in s  o f  c o n n e c t i v e  t i s s u e  a r e  m u c o p o ly sa c c h a r id e s  
bound t o  p r o t e i n  b y  s t r o n g  e l e c t r o v a l e n t  f o r c e s .  T h e r e fo r e  
the s t a i n i n g  r e a c t i o n  change which I  h a v e  o b ta in e d  may be  
due to  t h e  b r e a k in g  o f  weaker bonds i n  c e r t a i n  m u c o p r o te in s .
As t h e  change i n  r e a c t i o n  ap p ears  more c l e a r l y  
in  mucus, i t  may b e  t h a t  i t  i s  o c c u r in g  more s e l e c t i v e l y
( 1 2 1 )
in  m u c o it in  s u l p h a t e s  as d i s t i n c t  from c h o n d r o i t in  s u l p h a t e s .
I t  i s  th u s  a p o s s i b i l i t y  t h a t  t h e  v a r i a t i o n  in  r e a c t i o n  
may be due t o  t h e  d i f f e r e n t  h exosam in e p r e s e n t ;  a c e t y lg lu c o s a m in e  
in  m u c o i t in  s u l p h a t e s  and  a c e t y lg a la c t o s a m in e  in  c h o n d r o i t in  
s u l p h a t e s .  Morgan and B is o n  (1 9 3 4 )  h ave  shown t h a t  a l k a l i n e  
h y d r o ly s i s  o f  a c e t y l g l u c o s a m i n e  and a c e t y lg a la c t o s a m in e  
( a c e ty lc h o n d r o sa m in e )  can  b e  u sed  to  g i v e  q u a n t i t a t i v e  
c o l o r i m e t r i c  e s t i m a t i o n s  o f  t h e i r  p ro d u cts  w ith  p a r a d im e th y l-  
am in ob en za ld eh y d e . A m in o f f , Morgan and Watkins ( 1932) show
th a t  b y  t h i s  method a c e ty lc h o n d r o sa m in e  g i v e s  o n ly  23$ o f  
the  d e g r e e  o f  c o lo u r  r e a c t i o n  o f  a c e t y lg lu c o s a m in e ,  and th e  
b lo o d  group m ucoids g i v e  o n ly  7 - 1 0 $ .  The e x a c t  mode o f  
r e a c t io n  i s  n o t  kno?/n b u t  i t  i s  s u g g e s t e d  t h a t  th e  a l k a l i  
forms an o x a z o l i n e  or a p y r a z in e  w ith  th e  h ex o sa m in e .  I t  
i s  n o t  known w h eth er  t h e s e  p ro d u cts  are  P .A .S .  p o s i t i v e  or  
n o t .  I t  h as  b e e n  s t a t e d  (Mann, 1902; Dempsey, B u n t in g ,
S in gen  and W i s l o c k i ,  1947) t h a t  f i x a t i o n  o f  t i s s u e s  i n  
form aldehyde w i l l  p r e v e n t  t h i s  c o lo u r  r e a c t i o n .  F r e y -  
W yssling  ( 1 9 4 8 )  s t a t e s ,  i n  d i s c u s s i n g  th e  c h e m ic a l  n a tu r e  
o f  b y to p la s m , t h a t  form ald eh yd e  i s  th o u g h t  t o  f i x  t i s s u e s  
by form ing b r id g e s  b e tw een  n e ig h b o u r in g  p o ly p e p t id e  c h a in s  •
So i t  may b e  t h a t  t h e  d i f f e r e n c e  in  the ty p e  o f  hexosam ine  
p r e se n t  m i£h t i n f l u e n c e  th e  P .A .S .  r e a c t i o n  a f t e r  a l k a l i n e  
h y d r o l y s i s ,  though  t h e  e f f e c t  of t h e  f o r m a l in  f i x a t i y e s  
must b e  b o r n e  i n  m ind.
( 122)
M u c o p o ly s a c c h a r id e s ,  a c c o r d in g  to Meyer*s 
d e f i n i t i o n  (191+5) a r e  p o ly s a c c h a r id e s  which c o n t a in  
hexosamine as one  com ponent, w h eth er  th e y  o ccu r  f r e e  or 
hound to  s u b s t a n c e s  o f  h ig h e r  m o le c u la r  w e i g h t .  M ucoproteins  
are t h o s e  s u b s t a n c e s  which c o n t a in  a m u co p o ly sa cch a r id e  
in  f irm  c h e m ic a l  u n io n  w ith  a p e p t i d e ,  where t h e  hexosam ine  
co n ten t  i s  g r e a t e r  th a n  1 $ .  P r o t e in s  which c o n t a in  l e s s  
than k% h ex o sa m in e  a r e  c l a s s i f i e d  as  g l y c o p r o t e i n s . Thus 
the s e l e c t i v i t y  o f  t h e  ch an ge  i n  r e a c t i o n  may be due to  
th e  r e l a t i v e  amount o f  h exosam in e  p r e s e n t .
I f  a l l  t h e  p r e c e d in g  argum ents a re  r e c o n s id e r e d  
i t  appears  t h a t  th e  s e l e c t i v i t y  o f  t h e  r e a c t i o n  may b e  due  
to  one or  more o f  t h e  f o l l o w i n g  c a u s e s :
( a )  The number o f  r e a c t i n g  m o le c u le s  a v a i l a b l e ,
perh ap s  d ep en d in g  on t h e  c h a in  le n g th  o f  th e  s u b s t a n c e .
( b )  The d e g r e e  o f  c h e m ic a l  u n ion  w ith  p r o t e i n .
( c )  The ty p e  o f  h ex o sa m in e  p r e s e n t .
( d) The r e l a t i v e  amount o f  hexosam ine p r e s e n t .
A l l  t h a t  can  b e  s a i d  r e g a r d in g  th e  n a tu r e  o f  the  
extra  groups b e i n g  made a v a i l a b l e ,  by t h e  c a u s t i c  s o l u t i o n ,  
for  a ld e h y d e  p r o d u c t io n  b y  p e r i o d i c  a c i d  i s  t h a t : -
( a) No a ld e h y d e s  a r e  b e in g  produced b y  th e  a l k a l i  as  
shown b y  p r o c e d u r e  ( i v )  where no c o lo u r  i s  p ro d u ced .
( b )  The groups w hich a r e  b e i n g  made a v a i l a b l e  a r e  
.GHOfl .CHOH. ,  .OHOH .GHNH2 or .OHOH .CHNHR. g ro u p s ,
( 1 2 3 )
as shown toy p r o c e d u r e  ( v i i ) ,  In  which a l l  c o lo u r  r e a c t i o n  
i s  b lo c k e d  b y  a c e t y l a t i o n .
( c )  The a c t i o n  o f  th e  a l k a l i  i s  n o t  j u s t  a d e a c e t y l a t i o n  
as s u g g e s t e d  b y  p r o c e d u r e  ( v i i i ) ,  i n  w hich th e  f u l l  c o lo u r  
r e a c t i o n  i s  p r o d u c e d ,  b e c a u s e  p ro ced u res  ( i x )  and ( x) r e s t o r e  
th e  norm al c o l o u r  r e a c t i o n s  to  t h e  t i s s u e s  b u t  do n o t  i n t e n s i f y  
th e  m u c u s - r e a c t io n s  .
( d) The s u l p h a t e ,  m etap h osp h ate  or o th e r  groups thought  
to  b e  r e s p o n s i b l e  f o r  m etachrom asia  a r e  not a f f e c t e d ;  t h i s  
i s  shown b y  p r o c e d u r e  ( x i i i ) ,  where th e  m etachrom asia  
rem ains a f t e r  a l k a l i n e  t r e a t m e n t .
( e )  None o f  t h e  in c r e a s e d  c o lo u r  i n t e n s i t y  i s  due to  
absorbed  l e u c o f u c h s i n  w hich has b e e n  s u b s e q u e n t ly  o x id iz e d  
in  th e  a tm o sp h e r e ,  a s  shown b y  p ro ced u res  ( x v i i i )  and ( x i x )  .
( f ) An a t te m p t  to  show b y  p ro ced u res  ( x i v ) ,  ( xv )  and
( x v i )  t h a t  t h e  i n c r e a s e d  c o lo u r  r e a c t i o n  was due to  t h e  
e v e n tu a l  p r o d u c t io n  o f  a ld e h y d e s  was p r e v e n te d  b y  th e  
r e t e n t i o n  o f  a s l i g h t  d e g r e e  o f  c o l o u r a t io n  i n  n o r m a lly  
s t r o n g l y  r e a c t i n g  a r e a s  i n  a l l  th r e e  p r o c e d u r e s .  I t  i s  
known t h a t  t h e  c o n d e n s a t io n  o f  h yd roxy lam in e w ith  a ld eh y d es  
i s  dependant t o  a c e r t a i n  e x t e n t  on t h e  pH o f  t h e  r e a c t io n ;  
as th e  pH r i s e s ,  w i t h i n  c e r t a i n  l i m i t s ,  so  does th e  r a t e  
and d e g r e e  o f  c o n d e n s a t io n  (O la n d e r ,  1 9 2 $ ) .  I t  may b e  th a t  
t h e s e  a r e a s ,  which a r e  known to  b e  o f  a c i d i c  n a tu r e  
(Dempsey e t  a l ,  1947) p r e v e n t  c o m p le te  c o n d e n s a t io n  and
( 1 2 4 )
thus l e a v e  a c e r t a i n  amount o f  a ld eh y d e  a v a i l a b l e  to  
r e c o l o u r i z e  th e  S c h i f f  s o l u t i o n .
( d) C o n c l u s i o n s .
I t  h as  b e e n  shown t h a t  c e r t a i n  s u b s ta n c e s  
th a t  a r e  w e a k ly  p o s i t i v e  t o  t h e  p e r io d ic  a c i d - S c h i f f  
r e a c t i o n  ca n  b e  made t o  s t a i n  more s t r o n g l y  b y  f i r s t  e x p o s in g  
them to  a s o l u t i o n  o f  sodium  h y d r o x id e .
I t  i s  s u g g e s t e d  t h a t  t h i s  may p r o v id e  a method  
o f  d i f f e r e n t i a t i n g  b e tw e e n  w ea k ly  s t a i n i n g  lo n g  c h a in  
m u c o p o ly s a c c h a r id e s ,  m u c o p r o te in s ,  and g l y c o p r o t e i n s .
The f i r s t  d eep en  m arkedly  i n  c o l o u r ,  t h e  seco n d  show an  
in c o n s t a n t  s m a l l  i n c r e a s e  in  depth  o f  c o lo u r ,  and th e  
l a s t  rem ain  u n ch a n g ed .
T h e  r e l a t i o n s h i p  o f  th e  s t r e n g t h  o f  th e  c o lo u r  
r e a c t i o n  t o  t h e  v a r y in g  ch em ica l s t r u c t u r e  i s  n o t  d e f i n i t e ;  
th e  c o lo u r  may depend on th e  c h a in  l e n g t h ,  th e  d e g r e e  o f  
c o n j u g a t io n  w ith  p r o t e i n ,  or p o s s i b l y  on th e  ty p e  or 
amount o f  h e x o sa m in e  p r e s e n t .
From t h e  m otes on methods and r e s u l t s  i t  can  b e  
shown t h a t  t h e  d i f f e r e n c e  i n  s t a i n i n g  r e a c t i o n  i s  produced  
by making a v a i l a b l e  more .CHOH.CHOH. ,  CHOH.GHNHg** 0P 
CHOH.GHNHR. grou p s f o r  a ld e h y d e  p r o d u c t io n  b y  p e r i o d i c  
a c id  w ith o u t  a f f e c t i n g  t h o s e  s u lp h a t e  or m etaphosphate
( 1 2 5 )
groups w hich  g i v e  c e r t a i n  t i s s u e s  t h e i r  m etachrom atic  
a f f i n i t i e s .  Whether th e  r e q u i s i t e  groups f o r  a ld e h y d e  
p r o d u c t io n  a r e  made a v a i l a b l e  by  p r o t e i n  e x t r a c t i o n  or by  
some o th e r  r e a c t i o n  i s  n o t  y e t  known. The p r o c e s s  does  
n ot appear t o  b e  a d e a c e t y l a t i o n .
The i n v e s t i g a t i o n  to  t h i s  d a te  was n o t  c o m p le te ly  
c o n c l u s i v e .  I t  d id  how ever p r o v id e  some in fo r m a t io n  
about p o l y s a c c h a r i d e  c o n t a in in g  s u b s ta n c e s  v/hich m tm  w&s v\e>T 
p r e v i o u s l y  a v a i l a b l e ,  and showed t h a t  th e r e  was s t i l l  a 
d e f i n i t e  n eed  f o r  t h e  d eve lop m ent o f  a h i s t o c h e m ic a l  t e s t  
fo r  h y a lu r o n ic  a c i d .
The l a s t  s e c t i o n  o f  t h i s  t h e s i s  o u t l i n e s  a method  
th a t  may p ro v e  u s e f u l  i n  i d e n t i f y i n g  m u c o it in  and c h o n d r o i t in  
s u lp h a t e s  and c o n t a in s  f u r t h e r  in fo r m a t io n  on t h e  ab ove  
a l k a l i n e  r e a c t i o n .
(126)
VI .
IHVESTIGATIOH INTO THE EFFECT OF ALKALI .ON PERIODIC 
aCIP-SGHIPF ST AIMING-.
( 1 2 7 )
( a) The e f f e c t  o f  a l k a l i  on g lu c o s a m in e .
In  d i s c u s s i n g  t h e  e f f e c t  o f  a l k a l i  on p o l y s a c c h a r i d e s ,  
i n  th e  p r e v io u s  s e c t i o n  o f  t h i s  t h e s i s ,  th e  o b s e r v a t io n s  
o f  Mann ( 1 9 0 2 ) ,  on th e  e f f e c t  o f  form aldehyde on th e  
p a ra d im eth y la m in o b en za ld eh y d e  r e a c t i o n  o f  mucus were  
m en tio n ed .
T h is  r e a c t i o n  was f i r s t  n o te d  b y  E h r l ic h  ( I9OI) 
who d i s c o v e r e d  t h a t  u r in e  tu rn s  a ca r m in e -r e d  c o lo u r  on 
th e  a d d i t i o n  o f  a few  drops o f  a y e l lo w  s o l u t i o n  o f  
p a r a d im eth y la m in o b en za id eh y d e  in  normal h y d r o c h lo r ic  a c i d .  
P r o e sc h e r  ( 1901) showed t h a t  th e  r e a c t i n g  s u b s ta n c e  was 
g lu c o sa m in e  and  E h r l ic h  ( I 9OI) s t a t e d  t h a t  fo r m a l in  f i x e d  
c a r t i l a g e  g a v e  a r e d d i s h - v i o l e t  c o lo u r  in  th e  p erich on d riu m  
and i n  some e l a s t i c  f i b r e s  around t h e  b lo o d  v e s s e l s .  O ther  
t i s s u e s  d e s c r ib e d  g a v e  no r e a c t i o n .  He s t a t e d  th a t  u n f ix e d  
mucin d id  n o t  g i v e  th e  r e s u l t  b u t  f i x a t i o n  m ight b e  
p rod u cin g  a fo rm y l or  an a c e t y l  g lu co sa m in e  w hich  might  
be g iv i n g  t h e  r e a c t i o n .
M u lle r  ( 1 9 0 1 )  con firm ed  th e  s ta te m e n t  t h a t  f p u r e f 
( u n f ix e d )  s u b s ta n c e s  w i l l  n o t  r e a c t  b u t  showed th a t  th e y  
would i f  warmed w ith  a l i t t l e  a l k a l i  b e f o r e  b e in g  put in  
th e  r e a g e n t .  Mann ( I 9O2 ) s t a t e d  t h a t  good h i s t o l o g i c a l  
r e s u l t s  c a n  b e  o b ta in e d  b y  f i x i n g  t i s s u e s  in  0*3% KOH i n  
9 0 % a l c o h o l  f o r  148 h o u r s ,  or lo n g e r  a t  3 0 -4 0 0 C . ,  and th en  
t r a n s f e r r i n g  t h e  t i s s u e s  to  a 2 .5 / ,o s o l u t i o n  o f  th e  dye i n
( 128)
1% h y d r o c h lo r i c  a c i d .  T his  r e a c t i o n ,  i n  a c i d  s o l u t i o n ,  
i s  th e  b a s i s  f o r  th e  i d e n t i f i c a t i o n  o f  i n d o l e s ,  p y r o l l e s  
and a r o m a tic  a m in e s .  ( L i s o n ,  1 9 3 6 ) .
Morgan and E ls  on ( 1 9 3 4 )  have i n v e s t i g a t e d  t h i s  
r e a c t io n  and t h e y  c o n s id e r  th a t  N -a c e ty lg lu c o s a m in e  i n  
an a l k a l i n e  s o l u t i o n  r e a c t s  i n  th e  e n o l i c  form and p a s s e s  
over w ith  l o s s  o f  w a ter  in t o  th e  o x a z o le  d e r i v a t i v e ,  
2- m e t h y l - t e t r a h y d r o x - n - b u t y l o x a z o l e ,  and t h e y  c o n s id e r  
th a t  i t  i s  t h e  c o n d e n s a t io n  o f  t h i s  s u b s ta n c e  w ith  
p a ra d im eth y la m in o b en za ld eh y d e  in  a c id  s o l u t i o n  which g i v e s  
r i s e  to  t h e  i n t e n s e  r e d d is h  p u r p le  c o l o u r a t i o n .  A m in o ff , .
Morgan and W atkins ( 1 9 5 2 )  show th a t  t h i s  r e a c t i o n  can b e  
used  t o  d e te r m in e  w h eth er  N -a c e ty lg lu c o s a m in e  or  
N - a c e ty lg a la c t o s a m in e  i s  p r e s e n t ,  i f  a c c u r a t e l y  c o n t r o l l e d .
Dempsey and W is lo c k i  (1 9 4 6 )  h ave  r e p o r te d  w ith o u t  
g iv in g  d e t a i l s ,  t h a t  w ith  g e n t l e  a c id  or a l k a l i n e  trea tm en t  
m u cop rote in s  can  b e  made to g i v e  th e  r e a c t i o n s  c h a r a c t e r i s t i c  
o f  g lu c o sa m in e  i n  h i s t o l o g i c a l  s e c t i o n s .
I h a v e  a t te m p te d  to m od ify  t h i s  r e a c t i o n  to  
produce a c c u r a t e  l o c a l i s a t i o n  o f  hexosam ine i n  f r o z e n -  
d r ie d  m a t e r i a l  w here t h e  e f f e c t s  o f  f i x a t i o n  on th e  r e a c t i o n  
cou ld  be e a s i l y  s t u d i e d .  I t  was h op ed , b y  r i g i d  c o n t r o l s  
o f  t im es  and te m p e r a tu r e s  a c c o r d in g  t o  th e  d i r e c t i o n s  o f  
A m inoff, Morgan, and W atk ins , th a t  some method o f  
d i f f e r e n t i a t i n g  g lu c o sa m in e  from g a la c to s a m in e  m ight b e
fou nd . This would th u s  perm it i d e n t i f i c a t i o n  and 
d i f f e r e n t i a t i o n  o f  h y a lu r o n ic  a c id  and c h o n d r o i t in  s u lp h u r ic  
a c i d .
B l i g h t  m o d i f i c a t io n s  o f  t h e  te c h n iq u e s  o f  Mann 
(1 9 0 2 )  and A m in o ff ,  Morgan and 'Watkins ( 1 9 5 2 )  were t r i e d  and  
in  f r o z e n - d r i e d  m a t e r i a l  a s l i g h t  p u r p le  c o lo u r  was o b ta in e d  
in  s i t e s  o f  e p i t h e l i a l  m u c in . The c o lo u r  i s  t r a n s i e n t  
and i s  o f t e n  m is s e d ,  v/hich i s  n o t  s u r p r i s i n g  c o n s id e r in g  
th e  o b s e r v a t io n s  on t h e  d i f f i c u l t y  o f  r e p r o d u c i b i l i t y  o f  
r e s u l t s  made b y  O g sto n  and S t a n ie r  ( 1 9 5 0 ) ,  J o h n s to n ,  O gston  
and S t a n i e r  ( 1 9 5 1 )  and S c h lo s s  ( 1 9 5 1 ) .  There a re  a l s o  
c e r t a i n  s u b s t a n c e s  ( S i d e r i s ,  Young and  K ra u ss ,  1938;  
Lutwak-Mann, 1941; H o ro v /itz ,  Ikawa and F l i n g ,  1950; Irnmers 
and V a s se u r ,  1 9 5 0 . )  w hich  m ight i n t e r f e r e  w ith  th e  r e a c t i o n  
and produce  f a l s e  p o s i t i v e s .
A n oth er  r e a c t i o n  of t h i s  ty p e s  which m ight b e  
adapted t o  h i s t o - c h e m i c a l  n eeds i s  t h a t  o f  D is c h e  and 
B orenfreund ( 1 9 5 0 )  w hich  prod u ces  d e a m in a t io n  o f  t h e  su gar  
and th e n  i d e n t i f i c a t i o n  o f  i t  by e i t h e r  in d o l e  and h y d r o c h lo r ic  
a c id  or o r c i n o l .  T h is  method i s  su p p o sed  t o  b e  h i g h l y  
s p e c i f i c  f o r  g lu c o s a m in e .  I have  t r i e d  one or two 
p r e l im in a r y  e x p e r im e n ts  w ith  no r e s u l t s .
The l a s t  method whihh m ight b e  ad ap ted  i s  t h a t  
o f  T racey  ( 1951* 1952) which u t i l i s e s  N e s s l e r * s  r e a g e n t  t o  
i d e n t i f y  ammonia produced  b y  h e a t in g  g lu c o sa m in e  c o n t a in in g
( 1 3 0 )
su b s ta n c e s  w i th  a l k a l i .
T h is  i n v e s t i g a t i o n  was o n ly  o f  a p r e l im in a r y  
n atu re  and i s  a t  p r e s e n t  b e i n g  p u r su e d .  I  f e e l  t h a t  one 
of  t h e s e  m ethods m igh t make a p o s s i b l e  c o lo r i m e t r i c  
d i f f e r e n t i a t i o n  o f  g lu c o sa m in e  and g a la c to s a m in e  w hich i s  
a p p l i c a b le  to  h i s t o l o g y .
( "b) The u s e  o f  F r e e z e - d r ie d  m a t e r i a l •
In  t h e  p r e v io u s  s e c t i o n  i t  has b e e n  s a i d  th a t  
fo r m a lin  may p erh a p s  b e  i n f l u e n c i n g  th e  s t a i n i n g  r e a c t i o n  
o f  c e r t a i n  t i s s u e  c o n s t i t u e n t s .  I t  was i n  ord er  to  
i n v e s t i g a t e  t h i s  e f f e c t  t h a t  t i s s u e  were p rep a red  f o r  
h i s t o c h e m ic a l  e x a m in a t io n  i n  th e  app aratus  d e s c r ib e d  i n  
p a rt  fo u r  o f  t h i s  t h e s i s .
I t  was d e c id e d  t o  i n v e s t i g a t e  one e a s i l y  o b t a in a b le  
t i s s u e  t h a t  had  a l r e a d y  b een  d e s c r ib e d  as g i v i n g  t h i s  
r e a c t io n  ( H a l e ,  1953 a and b ) ,  and to  a p p ly  to  i t  th e  
procedures enum erated b e lo w .  R abbit  duodenum, which  
shows th e  r e a c t i o n  w e l l ,  eas c h o s e n .
A t r i a l  exp erim en t was c a r r ie d  out u s in g  th e  
f o l lo w in g  m ethods •
( i )  A s e c t i o n  o f  f r o z e n - d r i e d  t i s s u e  was d e p a r a f f m i z e d  
and p la c e d  im m e d ia te ly  i n  a l c o h o l i c  p e r i o d i c  a c i d  f o r  
s u f f i c i e n t  t im e  f o r  th e  s e n s i t i v e  groups to  b e  o x i d i s e d .
I t  was th en  c a r r i e d  through  S c h i f f , s  s o l u t i o n  and mounted
( 1 3 1 )
and exam ined.
( i i )  A n o th er  s e c t i o n  from  t h e  same b lo c k  was p la c e d  
in  10# n e u t r a l  f o r m a l i n ,  a f t e r  b e in g  d e p a r a f f i n i z e d ,  f o r
24 h o u r s ,  and was t h e n  washed and c a r r i e d  through  as i n  ( i ) .
( i i i )  A n o th er  s e c t i o n  was c a r r i e d  through as in  ( i i )  
but was ex p o sed  t o  0 .2 N  NaOH b e f o r e  b e in g  c a r r i e d  through  
th e  p e r i o d i c  a c i d  e t c .
The r e s u l t  o f  t h i s  p i l o t  exp er im en t was th a t  
s e c t i o n  ( i )  g a v e  a s t r o n g  c o lo u r  r e a c t i o n  i n  th e  mucus o f  
the  B runner’ s g l a n d s ,  s e c t i o n  ( i i )  g a v e  a v e r y  weak r e a c t i o n  
in  th a t  a r e a ,  and s e c t i o n  ( i i i )  g a v e  a s t r o n g  r e a c t i o n .
I t  th us  ap p ea red  t h a t  f o r m a l in  was h a v in g  some 
e f f e c t  on t h e  mucus and t h i s  was r e d u c in g  t h e  s t r e n g t h  o f  
co lo u r  r e a c t i o n  w h ich  i t  gave  w ith  th e  P . A . S .  t e c h n iq u e .
I n  o r d e r  t o  i n v e s t i g a t e  t h i s  th e  f o l l o w i n g  
procedures were c a r r i e d  o u t :
The t i s s u e  was f r o z e n - d r i e d  and vacuum embedded 
in  p a r a f f i n  wax f o r  10 m in u te s .  S e c t io n s  were c u t  a t  
6u, dry mounted on a c o l d  s l i d e ,  and u sed  im m e d ia te ly .
S e c t io n s  from d i f f e r e n t  b lo c k s  o b ta in e d  b y  th e  same method  
at  d i f f e r e n t  t im e s  from d i f f e r e n t  r a b b i t s  were c a r r i e d  through  
each o f  th e  f o l l o w i n g  p r o c e d u r e s .  The t i s s u e s  w ere a l l  
c a r r ie d  th rou gh  e x a c t l y  t h e  same f r e e z e - d r y i n g  te c h n iq u e  
becau se  o f  t h e  a c c u r a t e  method o f  c o n t r o l  a v a i l a b l e  i n
th e  a p p a ra tu s  u s e d .  The s e c t i o n s  were d e p a r a f f i n i z e d  b y  
immersing them i n  x y l o l  f o r  2 m in u te s .  They were r in s e d  
in  a b s o lu t e  e t h a n o l  and th e n  p la c e d  i n  th e  a p p r o p r ia te  
r e a g e n t ,  w hich  i s  t h e  f i r s t  m entioned  in  any m ethod.
Room te m p e r a tu r e  was u se d  th r o u g h o u t .  A l l  w ash ing was 
c a r r ie d  ou t i n  ta p  w a ter  u n le s s  o th erw is  e s t a t e d .  A f t e r  
th e  s e c t i o n s  were c a r r i e d  through t h e i r  r e s p e c t i v e  t e c h n iq u e s  
th ey  w ere d e h y d r a te d  i n  two changes o f  a b s o l u t e  e t h a n o l ,  
c le a r e d  i n  x y l o l  and mounted i n  D . P . X .  The p e r i o d i c  a c id  
and S c h i f f  s o l u t i o n  w ere p rep a red  as b e f o r e  and a l l  s o l u t i o n s  
were r e p la c e d  each  day from th e  s t o c k  b o t t l e s  a v a i l a b l e .
The pH e x t r a c t i o n  t e c h n iq u e  i s  e s s e n t i a l l y  t h a t  
o f  G-ersh ( 1 9 4 9 a )  and G a tc h p o le  (1 9 4 9 )*  In  i t  f r o z e n - d r i e d  
s e c t i o n s  a r e  e x p o sed  t o  a graded  s e r i e s  o f  b u f f e r  s o l u t i o n s  
b e fo r e  b e i n g  s t a i n e d .  Any w ater  s o l u b l e  m a t e r ia l  w i l l - b e  
d i s s o l v e d  out in  a l l  th e  b u f f e r  s o l u t i o n s  e x c e p t  t h o s e  w ith  
a pH around th e  i s o - e l e c t r i c  p o in t  of t h e  s u b s ta n c e  in  
q u e s t ip n .  The i s o - e l e c t r i c  p o in t  b e i n g  t h e  pH a t  which  
th a t  s u b s ta n c e  i s  l e a s t  i o n i z a b l e .  In  t h i s  c a s e  th e  b u f f e r  
s u b s t r a t e  u se d  was t h a t  o f  O s t l i n g  and Virtama (1 9 4 6 )  
which p r o v id e s  a pH ra n g e  o f  2 .0  -  1 1 .8  w ith o u t  a q u a l i t a t i v e  
change i n  th e  s o l u t i o n s  u s e d .
( c ) Methods and t h e i r  s i g n i f i c a n c e .
( 1 )  ( i )  P e r i o d i c  a c i d .  15 m in u te s ;  wash 5 m in u te s ;
S c h i f f  s o  I n .  30 m in u te s ;  wash 10 m in u te s .
( 1 3 3 )
( i i )  10# n e u t r a l  f o r m a l in  24 h o u r s ;  wash 10 m in u te s ;  
t h e n  a s  i n  ( i ) .
( i i i )  10# n e u t r a l  f o r m a l in  24 h o u rs;  wash 10 m in u te s ;  
0 .2 N  NaOH 15 m in u te s  a t  22°C; wash 5 m in u te s ;  
th e n  a s  i n  ( i ) .
( i v )  10# n e u t r a l  f o r m a l in  24 h o u rs;  wash 10 m in u tes ;  
S c h i f f  s o l n .  30 m in u te s ;  wash 10 m in u te s .
( v) 10# n e u t r a l  f o r m a l in  24 h o u r s ;  wash 10 m in u tes ;  
0 .2 N  NaOH 15 m in u te s  a t  22°C; wash 5 m in u tes ;  
S c h i f f  s o l n .  30 m in u te s ;  wash 10 m in u te s .
( v i )  10# n e u t r a l  f o r m a l in  24 h o u r s ;  wash 10 m in u tes;
0 .2 N  NaOH 15 m in u tes  a t  22° 0 ;  a c e t y l a t e  ( a s  in
s e c t i o n  f i v e  o f  t h e s i s )  24 h o u r s ;  wash 15 m in u te s ;
\
th e n  as  i n  ( i ) .
( v i i )  10# n e u t r a l  f o r m a l in  24 h o u r s ;  wash 10 m in u tes ;
d i a s t a s e  30 m in u te s ;  wash 5 m in u te s ;  th e n  as i n  ( i )  
( v i i i )  A b s o lu t e  e t h a n o l  18 h o u r s ;  th e n  as i n  ( i ) .
To d e te r m in e  what e f f e c t  fo r m a l in  f i x a t i o n  has  
on th e  P . A . S .  s t a i n i n g  r e a c t i o n  of t h e  t i s s u e .
( 2 )  ( i )  10# n e u t r a l  f o r m a l in  24 h o u r s ;  wash 10 m in u te s ;
0 .2 N  KOH 5 ,  15 and 60 m in u te s ;  wash 5 m in u te s ;  
th e n  a s  i n  ( 1 , ( i ) .
( i i )  a s  ab ove u s i n g  0 .2 N  NaOH.
( i i i )  a s  ab ove  u s i n g  0 .1 N  Na3PQ,.
( i v )  as  ab ove  u s i n g  O .lH  Na^COj.
To s t u d y  th e  r e l a t i v e  e f f e c t  o f  d i f f e r e n t  a l k a l i n e  
s o lu t i o n s  on su b s e q u e n t  P . A . S .  s t a i n i n g  o f  t i s s u e s  f i x e d  
in  f o r m a l in .
( 2 )  P r o ced u res  ( 1 )  i ,  i i ,  i i i  and v i i i  w ere r e p e a te d  u s in g  
four  d i f f e r e n t  f o r m a l in  s o l u t i o n s  b u f f e r e d  a t  pH k 9 6 .3 *
7 ,  and 8 .  i n s t e a d  o f  10$ n e u t r a l  f o r m a l in .  To s tu d y  th e  
r e l a t i o n s h i p  b e tw e e n  th e  f o r m a l in  e f f e c t  o f  ( i )  and th e  
pH o f  th e  f o r m a l i n .
(k)  P ro ced u res  ( 1 )  i ,  i i ,  and i i i  were c a r r i e d  o u t  u s in g  
10$ and 30$ b u f f e r e d  (pH 7 )  f o r m a l in  fo r  1 -3  days i n  p l a c e  
o f  10$ n e u t r a l  f o r m a l in  f o r  2k h o u r s .
To s tu d y  th e  e f f e c t  o f  t im e  o f  f i x a t i o n  and s t r e n g t h  o f  
s o l u t i o n  on t h e  f o r m a l in  e f f e c t .
( 5 )  T h is  was t h e  same a s  p ro ced u re  ( ii) b u t  th e  t i s s u e s  
were washed i n  r u n n in g  w a ter  f o r  1—3 days b e tw e e n  f i x a t i o n  
and th e  s u b s e q u e n t  s t e p s .
To s tu d y  th e  e f f e c t  o f  w ash in g  o f  f i x e d  t i s s u e s  on th e  
fo rm a lin  e f f e c t .
( 6 )  ( i )  A c e t y l a t e  2li h o u r s ;  wash 15 m in u te s ;  th e n  as in
( 1 ,  i ) .
( i i )  A c e t y l a t e  2k h o u r s ;  wash 15 m in u te s ;  d e a c e t y l a t e
( 1 3 5 )
2k hours;  wash 15 m in u te s ;  th e n  as i n  (1 , i ) .
( i i i )  10$ b u f f e r e d  (pH 7 . )  f o r m a l in  2k h o u r s ;  wash 10 
m in u t e s ;  th e n  a s  i n  ( 6 ,  i ) .
( i v )  10$ b u f f e r e d  (pH 7 . )  f o r m a l in  2k h o u r s ;  wash 10 
m in u te s ;  t h e n  as  i n  ( 6 ,  i i ) .
( v) A c e t y l a t e  2k h o u r s ;  wash 15 m in u te s ;  10$ b u f f e r e d  
f o r m a l in  2k h o u r s ;  wash 10 m in u tes ;  d e a c e t y l a t e  
12 h o u r s ;  wash 15 m in u te s ;  then  as i n  ( 1 ,  i ) .
( v i )  A c e t y l a t e  2k h o u r s ;  wash 15 m in u tes ;  10$ b u f f e r e d  
f o r m a l in  2k h o u r s ;  wash 10 m in u tes ;  d e a c e t y l a t e  
12 h o u r s ;  wash 15 m in u te s ;  0 .2N  NaOH 15 m in u tes ;  
wash 5 m in u te s ;  th e n  as  in  (1 , i ) .
( v i i )  10$ b u f f e r e d  fo r m a l in  2k h o u r s ;  wash 10 m in u te s ;
0 .2 N  NaOH 15 m in u te s ;  wash 5 m in u te s ;  th en  as i n  ( 1 , i ) .
( v i i i )  10$ b u f f e r e d  f o r m a l in  2k h o u rs;  wash 10 m in u tes ;
0 .2 N  NaOH 15 m in u te s ;  wash 5 m in u te s ;  a c e t y l a t e  2k
h o u r s ;  wash 15 m in u te s ;  d e a c e t y l a t e  2k h o u r s ;  wash 
15 m in u te s ;  d e a c e t y l a t e  12 h o u r s;  then  as i n ( 1 , i ) .
To d e te r m in e  w hether  fo r m a l in  e f f e c t s  th e  s t a i n i n g  
r e a c t io n  b y  a c e t a l  fo r m a t io n  a t  OH groups or b y  p o ly m e r is a t io n  
which masks th e  OH groups •
( 7 )  D e p a r a f f i n i s e d  s e c t i o n s  w ere p la c e d  in  s o l u t i o n s  o f  
b u f fe r  r a n g in g  i n  pH from 2 .8  t o  1 1 .1  i n  0 . 3  -  0 . 6  u n i t
( 1 3 6 )
s te p s  f o r  30 m in te s  th e n  th e y  were washed fo r  15 m inutes  
and c a r r i e d  th rou gh  as  i n  ( 1 , 1 ) .  S e e  A ppendix VI f o r  
more d e t a i l s  o f  t h e  m eth od .
To d e te r m in e  t h e  a p p r o x im a te  i s o - e l e c t r i c  p o in t  o f  B runner’ s  
g land  m ucus.
(a) R e s u l t s  ♦
P r o c e d u r e s  ( 1 )  i  e t c .  The c o lo u r  produced in  
the  B ru n n er’ s  g la n d s  b y  methods ( i ) ,  ( i i i ) ,  ( v i i )  and
( v i i i )  was s t r o n g  and i d e n t i c a l  i n  d i s t r i b u t i o n  in  a l l  
s e c t i o n s .  Method ( i i )  shows red u ced  c o lo u r  i n  th e  
Brunner’ s g l a n d s .  Method ( i v )  and ( v) g i v e  no c o l o u r .  
Method ( v i )  shows some p e r s i s t e n c e  o f  c o lo u r  in  th e  g o b l e t  
c e l l s .
Thus i t  a p p ea rs  t h a t  fo r m a l in  red u ces  th e  amount 
o f  c o lo u r  w hich can  b e  produced in  th e  B runner’ s  g lan d s  
by th e  P . A . S .  t e c h n iq u e  and t h i s  e f f e c t  can b e  removed 
by exp osure  t o  NaOH ( I i i ) .  The c o lo u r  enhancement w ith  
NaOH ap p ears  t o  b e  due to  an e f f e c t  on .OHOH.CHOH., CHOH. 
GHN'H^ . ,  or  .CHOH .CHNHR . groups s i n c e  a c e t y l a t i o n  ( v i )  can  
b lo c k  i t .  None o f  t h e  c o lo u r  produced b y  th e  NaOH i s  due  
to r e l e a s e  o f  a ld e h y d e s  ( v ) , The c o lo u r  produced i s  n o t  
due to  th e  p r e s e n c e  o f  g ly c o g e n  ( v i i )  and does n o t  seem  
to  b e  a f f e c t e d  b y  a l c o h o l i c  f i x a t i o n  ( v i i i ) .
( 1 3 7 )
Procedure ( 2 ) .  $ h e  u s e  o f  d i f f e r e n t  a l k a l i s  f o r  v a r y in g  
times shows t h a t  NaOH i s  b e s t  i n  p r o d u c in g  c o lo u r  r e s t o r a t i o n
i
in  c e r t a i n  f o r m a l in  f i x e d  t i s s u e s  s i n c e  t h e  c o lo u r  i s  
s t r o n g e s t  i n  ( 2 ,  i i ) .  F i f t e e n  m in u tes  appears  to  b e  
s u f f i c i e n t  t im e  f o r  th e  developm ent o f  th e  c o lo u r  r e s t o r a t i o n .  
See A ppendix V I I I  f o r  f u r t h e r  d e t a i l s .
Procedure ( 3 ) .  C o lo u r  was s u p p r e s se d  i n  ( i i )  and t h e  
s u p p r e s s io n  ap p ea red  to  b e  g r e a t e s t  w ith  fo r m a l in  a t  pH 
Ij. and l e a s t  w ith  pH 8 • The c o lo u r  was r e s t o r e d ,  t o  t h e  
s tr e n g th  o f  ( i )  and ( v i i ) ,  b y  exp osu re  to  NaOH ( i i i ) .
Procedure ( 1+) . F i x a t i o n  i n  50$ b u f f e r e d  n e u t r a l  fo r m a l in  
produces t h e  same c o lo u r  r e s u l t '  as f i x a t i o n  i n  10$ b u f f e r e d  
n e u t r a l  f o r m a l i n .  B oth  p ro d u ce  a r e s u l t  i d e n t i c a l  to  t h a t  
produced i n  ( 1 ,  i ,  i i ,  and i i i ) .
Procedure ( 5 ) .  W ashing f o r  v a r y in g  p e r io d s  showed th a t  
th e se  s e c t i o n s  f i x e d  fo r  1 or 2 days l o s e  t h e i r  mucus more 
r e a d i ly  on w a sh in g  th a n  do t h o s e  f i x e d  f o r  lo n g e r  p e r i o d s .
Use o f  50$ f o r m a l in  d id  n o t  appear to  im prove th e  e f f i c i e n c y  
o f  f i x a t i o n .  W ashing appeared  t o  h a v e  no e f f e c t  on th e  
s t a i n i n g  o f  t h e  mucus o th e r  th a n  t h i s  rem oval e f f e c t .
Procedure ( 6 ) .  Methods ( i )  and ( i i )  showed r e s p e c t i v e l y
( 1 3 8 )
more c o lo u r  s u p p r e s s i o n  and more c o lo u r  r e s t o r a t i o n  i n  
the B ru n n er’ s  -g lands than  d id  ( i n )  and ( i v ) .  Thus i t  
appears more d i f f i c u l t  t o  a c e t y l a t e  and d e a c e t y l a t e  a f t e r  
fo rm a lin  f i x a t i o n .  Method ( v )  g i v e s  norm al fo r m a l in  
f ix e d  c o lo u r  v /hereas ( v i )  g i v e s  the  f u l l  s t r e n g t h  c o lo u r  
r e a c t i o n .  Methods ( v i i )  and ( v i i i )  a r e  mere c o n t r o l s  
s im i la r  t o  (1 , i i  and i i i )  and show th e  same r e a c t i o n .
Method ( i x )  shows h a r d ly  any  c o lo u r  a t  a l l ;  i . e .  i t  i s  
e a s i l y  a c e t y l a t e d .  ( x )  shows a s t r o n g  c o lo u r  r e a c t i o n  
showing t h a t  i ,t  i s  w e l l  d e a c e t y l a t e d .
Procedure ( 7 ) .  The mucus was removed from th e  a c i n i  o f  
the B runner’ s  g la n d s  a t  a l l  pH v a lu e s  e x c e p t  t h o s e  l y i n g  
betw een pH 2 .8  and 1+.6. T h is  i s  a r a t h e r  s e v e r e  t e c h n iq u e  
to which th e  t i s s u e s  a r e  ex p o sed  and i n  some c a s e s  th e r e  
i s  s w e l l i n g  and s l i g h t  t e a r i n g  o f  t h e  c o n n e c t iv e  t i s s u e s ,  
but th e  e p i t h e t i a l  d e t a i l ,  b o th  i n  th e  g la n d s  and th e  
mucosa, a p p ears  q u i t e  n o rm a l.
( e) D i s c u s s i o n .
I t  h a s  b e e n  shown i n  th e  p r e v io u s  s e c t  in n  o f  t h i s  
t h e s i s  t h a t  c e r t a i n  c o n v e n t i o n a l l y  f i x e d  t i s s u e s  can b e  
made to  s t a i n  more i n t e n s e l y  w ith  th e  P . A . S .  t e c h n iq u e  i f  
‘they a re  e x p o se d  to  NaOH b e f o r e  o x i d a t i o n .  I t  was s u g g e s te d
( 1 3 9 )
th a t  t h i s  a b i l i t y  t o  a l t e r  t h e i r  r e a c t i v i t y  to  th e  
P. A. S .  t e c h n iq u e  m igh t  h e  due to  a number o f  f a c t o r s  
concerned  w i th  th e  c h e m ic a l  c o m p o s it io n  o f  t h e s e  
s u b s ta n c e s  and i t  was rem arked ( H a l e ,  1953b) th a t  
the p o s s i b i l i t y  o f  a f o r m a l in  e f f e c t  on th e  t i s s u e  sh o u ld  
be born e i n  m in d .
The p r e s e n t  i n v e s t i g a t i o n  shows t h a t ,  in  f i x i n g  
f r o z e n - d r i e d  s e c t i o n s ,  f o r m a l in  a l t e r s  th e  ch em ica l  
c o n f ig u r a t io n  o f  c e r t a i n  P . A . 8 .  p o s i t i v e  s u b s ta n c e s  in  
such a way a s  t o  r e d u c e  th e  s t r e n g t h  o f  t h e i r  r e a c t i v i t y  
with t h i s  t e c h n i q u e .  The r e d u c t io n  o f  c o lo u r  r e a c t i o n  
seems t o  b e  s l i g h t l y  g r e a t e r  i n  a c i d  fo r m a l in  s o l u t i o n s  
but does n o t  a p p ea r  to  b e  in f l u e n c e d  b y  t h e i r  s t r e n g t h .
The l o s s  o f  c o lo u r  r e a c t i v i t y  can  b e  made up b y  ex p o s in g  
the  s e c t i o n s  t o  a l k a l i  b e f o r e  p e r i o d i c  a c id  o x i d a t i o n .
Of th e  s e v e r a l  a l k a l i n e  s o l u t i o n s  u sed  NaOH appears to  b e  
the  most e f f i c a c i o u s  i n  r e t u r n in g  th e  p o t e n t i a l  r e a c t i v i t y  
of t h e  t i s s u e s ,  t o  t h e  P . A . S .  t e c h n iq u e ,  to  t h e i r  o r i g i n a l  
s t a t e .
P r o lo n g e d  w ash in g  i s  knov/n to  remove a l a r g e  
amoung o f  t h e  f o r m a l in  bound i n  t i s s u e s  d u r in g  f i x a t i o n  
(N itschm ann and Hadorn, 19^-3; P e a r s e ,  1933*)? "but i n  t h i s  
case  th e  o n ly  e f f e c t  t h a t  i s  produced  i s  rem oval o f  mucus 
which has n o t  b e e n  c o m p le t e ly  f i x e d .  T h is  rem oval o f
mucus b y  p r o lo n g e d  w a sh in g  i s  red u ced  b y  in c r e a s e d  t im e  o f  
f i x a t i o n .
. F o r m a lin  i s  known t o  f i x  t i s s u e s  b y  p o ly m e r i s a t io n  
( F r e y -W y s s l in g ,  1948; F ren ch  and E d s a l l ,  1 9 4 5 . )  The m ost  
f r e q u e n t ly  e n c o u n te r e d  r e a c t i o n  o f  fo r m a l in  i s  i t s  a d d i t i o n  
to  a compound c o n t a i n i n g  a r e a c t i v e  hyd rogen  atom w ith  t h e  
fo rm a tio n  o f  a h y d r o x y m e th y l  compound
R..H +  C .H .O  ; = £  f t . C M *  ( O H )
The compound may c o n d e n s e  w ith  a n o th e r  H atom to  form  a 
m ethylene  b r i d g e .
R.cw *(cm ) + mrC ;=£ ^  ~ R> *■ H*P
These m e th y le n e  b r i d g e s  a r e  r e a d i l y  ru p tu r ed  b y  h y d r o l y s i s .  
F o r m a lin  a l s o  forms h e m i- a c e t a l s
R . . O H  +■ C H r O R . O . C ^ O H .
and a c e t a l s
r t l --------- --- * f i  O -  Ctt ,  O R .% R . O H  CttxO * '
w ith  h y d r o x y l  g rou p s  (F r e n c h  and E d s a l l ,  1 9 4 5 • )
Thus th e  a c t i o n  o f  f o r m a l in  on c e r t a i n  p o t e n t i a l l y  
P .A .S .  p o s i t i v e  m a t e r i a l s  may b e  e i t h e r  a p o ly m e r is a t io n  
which would mask OH groups b y  t h e  c o n f ig u r a t i o n  p rod u ced ,  
or b y  h e m i - a c e t a l  or  a c e t a l  fo r m a t io n  which would b lo c k  
the OH groups • Thus b y  m asking or  b lo c k in g  th e  OH groups  
they  would n o t  b e  a v a i l a b l e  fo r  o x i d a t i o n  w ith  p e r io d ic  a c i d
( i i a )
and t h e  r e a c t i v i t y  o f  th a t  a f f e c t e d ,  su b sta n c e  f o r  t h e  
P .A .3 .  t e c h n i q u e  w o u ld  b e  d im in is h e d *
As h a s  b e e n  s t a t e d  a b o v e  th e  m e th y le n e  b r id g e s  
form ed b y  t h e  f o r m a l i n  c o u ld  b e  d e s t r o y e d  b y  h y d r o l y s i s .
So e x p o s u re  o f  f o r m a l i n  f i x e d  s e c t i o n s  t o  NaOH w ould  
h y d ro ly s e  t h e s e  b r i d g e s ,  depolymer i s  e t h e  s u b s ta n c e  an d  
th u s  b y  unm asking g l y c o l s  i n c r e a s e  t h e  p o t e n t i a l  r e a c t i v i t y  
o f th a t s u b s t a n c e  w i th  t h e  P .A .3 .  M e th o d .
P r o c e d u r e  ( 6 ,  i  -  i v )  h a s  shown t h a t  i t  i s  
d i f f i c u l t  t o  a c e t y l a t e  a n d  d e a e e t y l a t e  s e c t i o n s  a f t e r  
form alin  f i x a t i o n .  I f  t h e  fo rm a lin  e f f e c t  was a e e t a l  
f o rm a tio n  t h e n  a c e t y la t io n  s h o u ld  b e  e a s i e r  s i n c e  t h e r e  
would b e  few er  OH g r o u p s  l e f t  a f t e r  a e e t a l  f o rm a t  i o n ,  t o  
be b lo c k e d  b y  t h e  a c e t y l a t i o n .  I f  t h e  e f f e c t  was erne o f  
p o ly m e r iz a t io n  t h e n  t h e  a l t e r a t i o n  o f c o n f i g u r a t i o n  w o u ld  
mask OH g ro u p s  b u t  t h e y  p r o b a b ly  w ou ld  s t i l l  b e  a v a i l a b l e  
to  a  c e r t a i n  d e g r e e  f o r  a c e t y l a t i o n  f o r  p e r i o d i c  a c i d  
o x id a t io n ,  a l t h o u g h  b o th  o f  t h e  methods would b e  r e d u c e d  
i n  e f f i c a c y .  T h is  a p p e a r s  t o  b e  t h e  c a s e .
M ethods ( 6 ,  v  — v i )  p r o d u c in g  co lo u r  Q ih an cem o it 
in  th e  l a t t e r ,  show  t h a t  NaOH i s  e i t h e r  im proving t h e  
d e a e e t y l a t i o n  p ro d u c e d  a l r e a d y  b y  t h e  am m onia-alcohol 
m ix tu re ,  o r  e l s e  i t  i s  d e p o ly m e r is in g  t h e  m u cu s, i r r e s p e c t i v e  
o f  t h e  a c e t y l a t i o n —d e a e e t y l a t i o n  t e c h n i q u e s ,  s o  t h a t  m ore 
OH groups a r e  a v a i l a b l e  f o r  o x i d a t i o n .  As th e  a c e t y l a t i o n
( 1 4 2 )
i s  c a r r i e d  ou t b e f o r e  f i x a t i o n  i n  f o r m a l in ,  i f  th e  fo r m a lin  
e f f e c t  were due t o  a e e t a l  f o r m a t io n ,  th e n  as  t h e  g l y c o l s  
are a l r e a d y  b lo c k e d  b y  a c e t y l a t i o n ,  a c e t a l s  would n o t  b e  
formed and no r e d u c t i o n  i n  p o t e n t i a l  c o lo u r  would b e  
produced a f t e r  t h e y  had b e e n  d e a c e t y l a t e d  ( 6 ,  v ) . There  
i s  p o t e n t i a l  c o lo u r  r e d u c t io n  th us  i t  i s  p r o b a b ly  n o t  due 
to  a e e t a l  f o r m a t io n  and th u s  may b e  due to p o ly m e r iz a t io n .
P r o c e d u r e s  ( 6 ,  i x ,  and x )  shoYf t h a t  a f t e r  a l k a l i n e  
h y d r o ly s i s  th e  mucus can b e  e a s i l y  a c e t y l a t e d  and d e a c e t y la t e d  
i r r e s p e c t i v e  o f  Y /hether a c e t a l s  a re  formed or p o ly m e r iz a t io n  
has o c c u r r e d ,  i . e .  t h e  NaOH r e tu r n s  th e  g l y c o l  groups to  
p o t e n t i a l  r e a c t i v i t y .
I t  would appear th e n  t h a t  fo r m a lin  red u ces  the  
p o t e n t i a l  r e a c t i v i t y  o f  c e r t a i n  s u b s ta n c e s  w ith  th e  P . A . S .  
t e c h n iq u e .  T h is  e f f e c t  in c r e a s e s  w ith  d rop p in g  pH o f  th e  
fo r m a lin  u se d  b u t  i s  in d e p e n d a n t ,  w i t h in  th e  l i m i t s  u se d ,  
o f  th e  s t r e n g t h  o f  t h e  fo r m a l in  s o l u t i o n  and th e  t im e  o f  
f i x a t i o n  u s e d .  T h is  e f f e c t  i s  n o t  r e v e r s e d  by p ro lo n g ed  
Washing i n  v /ater  b u t  i t  can  b e  removed by h y d r o ly s in g  th e  
a f f e c t e d  t i s s u e  in  an a l k a l i n e  s o l u t i o n  p r i o r  to  t h e  
p e r io d ic  a c i d  o x i d a t i o n .  Of t h e  a l k a l i n e  s o l u t i o n s  t r i e d  
sodium h y d r o x id e  ap p ears  to  b e  th e  most e f f i c i e n t  in  r e s t o r i n g  
th e  p o t e n t i a l  r e a c t i v i t y  t o  n o rm a l.  I t s  maximum e f i e c t  
can b e  o b ta in e d  i n  15 m in u tes  a t  room te m p e r a tu r e .
The f o r m a l in  e f f e c t  i s  p r o b a b ly  a p o ly m e r is a t io n
( 1 « )
c a u s in g  a l t e r a t i o n  i n  m o le c u la r  c o n f ig u r a t i o n  which  
p r o t e c t s  t h e  g l y c o l  groups from p e r io d ic  a c id  o x i d a t i o n .
A lth o u g h  t h i s  r e p o r t  i s  b a se d  on an i n v e s t i g a t i o n
c a r r ie d  out w ith  r a b b i t  duodenum i t  has b een  r e p e a t e d ly
p r a c t i c a l l y  i n  t o t o  w ith  norm al human c o lo n  and rectum  
which i s  known ( H a l e ,  1953 a and b )  to  produce a s im i l a r  
e f f e c t  on a l k a l i n e  h y d r o l y s i s .  The r e s u l t s  w ith  th e  
human t i s s u e  e x a c t l y  p a r a l l e l  t h o s e  o f  th e  r a b b it  duodenum.
L i l l i e  ( 1951) h as  shown t h a t  e p i t h e l i a l  mucus
of  th e  i n t e s t i n a l  t r a c t  v a r i e s  in  c o lo u r  r e a c t i o n ,  w ith
th e  P . A . S .  t e c h n iq u e ,  d ep en d in g  on i t s  p o s i t i o n  in  th e  
t r a c t .  That o f  th e  stom ach  s t a i n s  s t r o n g l y  whereas th a t  
o f  the rectum  s t a i n s  w e a k ly .  He p u ts  forw ard th e  
e x p la n a t io n  t h a t  t h i s  may b e  due to  an in c r e a s e  o f  ch a in  
le n g th  o f  th e  mucus m o le c u le s  w ith  a d e s c e n t  in  l e v e l  in  
th e  t r a c t ,  i . e .  g a s t r i c  mucuc has a s h o r t  c h a in  le n g th  and ' 
r e c t a l  mucus a l o n g  o n e .  His o b s e r v a t io n s  were made on 
c o n v e n t io n a l l y  p r e p a r e d  t i s s u e s ,  f i x e d  in  fo r m a l in  c o n t a in in g  
f l u i d s .
I t  a p p ea rs  h o w ev er , from th e  p r e s e n t  i n v e s t i g a t i o n ,  
th a t  th e  f a c t  may b e  t h a t  the r e c t a l  mucus i s  more s u s c e p t i b l e  
to  p o ly m e r iz a t io n  w ith  fo r m a l in  than i s  g a s t r i c  mucus and 
thus g i v e s  a w eaker s t a i n i n g  w ith  P . A . S .  te c h n iq u e  a f t e r  
c o n v e n t io n a l  f i x a t i o n .  What th e  u n d e r ly in g  c a u se  o f  t h is
( W + )
ten d en cy  t o  p o l y m e r iz a t i o n  o f  o n ly  c e r t a i n  t y p e s ,  i f
t h i s  i s  t h e  c a s e ,  o f  mucus i s  n o t  known.
G-omori ( 1 9 3 3 )  p o i n t s  out t h a t  p o ly s a c c h a r id e s
made up of lo n g  c h a in  po lym ers l in k e d  a t  th e  O p p o s it io n
w i l l  h a v e  a v a i l a b l e  OH groups a t  0 -  0 ,  p o s i t i o n s  and
2 j
ox id ation "  w i t h  p e r i o d i c  a c i d  w i l l  y i e l d  a ld eh y d es  a t  t h e s e  
p o in t s  th r o u g h o u t  t h e  e n t i r e  c h a in .  I f  th e  l i n k  occu rs  
a t  th e  p o s i t i o n  a s  i n  c h o n d r o i t in  s u lp h a t e  (M eyer, O dier  
and S i e g r i s t ,  19^8) th e n  o n ly  th e  te r m in a l  C2-  groups  
can h e  o x i d i s e d  and th u s  th e  a ld e h y d e  y i e l d  f o r  th a t  
s u b s ta n c e  w i l l  b e  s m a l l .  Thus depend ing  on th e  l in k a g e  
i n  a s u b s t a n c e  i t s  p o t e n t i a l  c o lo u r  r e a c t i v i t y  w ith  th e  
P . A . S .  t e c h n iq u e  w i l l  v a r y .  I f  f o r m a l in  p o ly m e r iz e s ,  
th en  s u b s ta n c e s  o f  t h e  C , -  l i n k  ty p e  may g iv e  v e r y  weakj
or even  n e g a t i v e  r e a c t i o n s  b e c a u se  o f  a g g r a v a t io n  o f  t h i s  
s t a t e ,  b u t  i f  NaOH d e p o ly m e r iz e s  them th e n  th e y  may g i v e  
a v e r y  s t r o n g  r e a c t i o n .  The m o le c u la r  s t r u c t u r e  o f  P . A . S .  
p o s i t i v e  s u b s t a n c e s  i s  in c o m p le t e ly  u n d ersto o d  and a t  
p r e s e n t  i t  i s  im p o s s ib l e  t o  draw c o n c lu s io n s  about th e  
p o s s i b i l i t y  o f  t h i s  b e i n g  a f a c t o r  i n f l u e n c i n g  s t a i n i n g  
i n t e n s i t y .
G ersh and C a tc h p o le  (1 9 ^ 9 )  u s in g  th e  P . A . S .  
te c h n iq u e  t o  i n v e s t i g a t e  t h e  ground s u b s ta n c e  o f  c o n n e c t iv e  
t i s s u e  s u g g e s t e d  t h a t  th e  v a r i a t i o n s  i n  t h e  s t r e n g t h  o f
f
s t a i n i n g  r e a c t i o n  o b ta in e d  w ith  t h i s  te c h n iq u e  i n  t h e  t i s s u e
( 1U5)
might h e  due t o  d i f f e r e n t  d e g r e e s  o f  p o ly m e r iz a t io n  o f  
the s u b s ta n c e s  p r e s e n t .  They exposed  f r o z e n - d r ie d  s e c t i o n s  
to N /1000 NaOH and a l s o  10# fo rm ic  a c id  b e f o r e  o x id a t io n  
and n o te d  no change i n  th e  s t a i n i n g  r e a c t io n s  in  th e  area s  
s t u d ie d .  They a l s o  n o te d  th a t  exp o su re  o f  f r o z e n - d r i e d  
s e c t i o n s  t o  g l a c i a l  a c e t i c  a c id  b lo c k e d  th e  P . A . S .  r e a c t i v i t y  
o f  t h e s e  s u b s t a n c e s .  T h e ir  p o t e n t i a l  c o lo u r  r e a c t i o n  co u ld  
be r e tu r n e d  b y  tr e a tm e n t  w ith  d i l u t e  h y d r o c h lo r ic  a c i d .
They gave no d e t a i l s  o f  t im es  or tem p era tu res  u sed  in  th e  
experim ent and o f f e r e d  no e x p la n a t io n  o f  t h e  r e s u l t .  The 
la c k  of NaOH e f f e c t  w ith  f r o z e n  d r ie d  t i s s u e s  in  t h e i r  
experim ent i s  to  b e  e x p e c t e d ,  from th e  d a ta  p r e s e n te d  in
jfhis t h e s i s ,  b u t  no e x p la n a t io n  can as y e t  be  o f f e r e d  f o r
the  r e a c t i o n s  a f t e r  fo rm ic  and g l a c i a l  a c e t i c  a c id  t r e a tm e n t .  
I t  may b e  t h a t  t h e y  a r e  c o n n e c te d  w ith  th e  p o ly m e r iz a t io n  
e f f e c t  r e p o r te d  h e r e  b u t in  a more s i g n i f i c a n t  manner than  
has y e t  b e e n  a p p r e c i a t e d .
0-1 e g g ,  Clerm ont and L eblond ( 1932) have shown th a t  
th e  g o b le t  c e l l s  i n  t h e  low er p a r t s  o f  th e  c r y p t s  o f  t h e
•co lo n  o f  th e  r a t  s t a i n  w eak ly  w ith  th e  P . A . S .  t e c h n iq u e
but s t r o n g l y  w ith  l e a d  t e t r a c e t a t e .  I t  i s  known th a t  
lea d  t e t r a c e t a t e  o x i d i s e s  .GH0H.G00H. groups t o  produce  
a ld eh y d e , w hich  p e r i o d i c  a c id  does n o t  d o ,  and th e  a u th ors  
s u g g e s t  th a t  t h e  d i f f e r e n c e  b etw een  th e  two r e a c t i o n s  may 
be due to th e  p r e s e n c e  o f  t h e s e  groups a t  th a t  s i t e .
( IkS)
This may h e  s o  h u t  t h e  s o l v e n t  for  le a d  t e t r a c e t a t e  i s  
g l a c i a l  a c e t i c  a c i d  and i t s  e f f e c t  on P . A . S .  p o s i t i v e  
f r o z e n -d r ie d  t i s s u e s ,  r e p o r te d  b y  Gersh and G a tch p o le  
( 191+9 ) ,  must b e  b o r n e  rim mind i n  r e l a t i o n  to t h e  f i x a t i o n  
(O rth! s f l u i d  c o n t a i n i n g  f o r m a l in  and b ic h r o m a te )  u s e d .
The d i f f e r e n c e s  i n  P . A . S .  and l e a d  t e t r a c e t a t e  s t a i n i n g  
in  th e  r e c t a l  g o b l e t  c e l l s  may b e  due to  th e  p r e s e n c e  o f  
•CHOH.COOH. g rou p s  b u t  t h e i r  r e l a t i o n s h i p  to  t h e  form& lin  
e f f e c t  r e p o r te d  h e r e  w i l l  h a v e  to  b e  i n v e s t i g a t e d .
A part from  t h e s e  f o r m a l in  e f f e c t s  d i r e c t l y  
r e la t e d  to  P . A . S .  s t a i n i n g  o t h e r s  a r e  known which in f l u e n c e  
h is t o c h e m ic a l  r e a c t i o n s .  Hamperl ( 1 9 5 1 )  and P e a r se  (1 9 5 3 )  
rep o rt  th a t  i t  i s  n o t  p o s s i b l e  to  g e t  c e r t a i n  h i s t o c h e m ic a l  
r e a c t io n s  f o r  a r g e n t a f f i n  g r a n u le s  u n l e s s  th e  t i s s u e ,  
e i t h e r  f r e s h  or f r o z e n - d r i e d ,  i s  f i x e d  i n  f o r m a l in .
Wolrnah and Greco ( 1952) h ave  shown t h a t  form aldehyde  
combines w ith  u n s a t u r a t e d  l i p i d s  a t  th e  d ou b le  b on d .
The r e s u l t i n g  com p lex  c o n t a in s  a f r e e  c a r b o n y l  group which  
probably  o r i g i n a t e s  from th e  fo rm a ld eh y d e .  The r e a c t i o n  
occurs over a w id e  pH r a n g e ,  and ta k e s  p l a c e  i n  th e  a b se n c e  
of oxygen or m o i s t u r e .  The r e a c t i o n  p ro d u ct  i s  v i s u a l i s e d  
by S c h i f f * s  r e a g e n t .  They c la im  t h a t  th e  r e a c t i o n  has  
"the same s i g n i f i c a n c e  as  t h e  p se u d o -p la sm a l  r e a c t i o n ,  i . e .  
i t  d en otes  th e  p r e s e n c e  o f  d o u b le  b o n d s .  This appears  to  
be an other  f o r m a l in  e f f e c t  on t i s s u e  i n  no way co n n ec ted
( n 7 )
to th e  one d e s c r ib e d  ab ove  b u t i n t e r e s t i n g  in  show ing what 
can happen d u r in g  f i x a t i o n .
So i t  may h e  t h a t  t h e  v a r i a t io n s  in  i n t e n s i t y  
o b ta in a b le  w ith  th e  P . A . S .  t e c h n iq u e  in  d i f f e r e n t  t i s s u e s  
may he r e l a t e d  t o  t h e i r  d e g r e e  o f  p o ly m e r iz a t io n  and t h i s  
v a r ia t io n  may h e  a c c e n t u a t e d  b y  f u r t h e r  p o ly m e r iz a t io n  
brought ab ou t b y  f o r m a l in  c o n t a in in g  f i x a t i v e s .  These  
e f f e c t s  a r e  o f  c o u r s e  in d ep en d an t o f  c o lo u r  v a r ia t io n s  
caused b y  v a r i a t i o n s  i n  th e  amount o f  m a t e r ia l  p r e s e n t .
( f ) C o n c lu s io n .
A lth o u g h  t h i s  i n v e s t i g a t i o n  shows th a t  fo r m a lin  
appears to  h a v e  a d e f i n i t e  e f f e c t  on th e  r e a c t i v i t y  o f  
c e r t a in  s u b s t a n c e s  w ith  t h e  P . A . S .  t e c h n iq u e ,  t h i s  does n o t  
mean th a t  o b s e r v a t io n s  on t i s s u e s  f i x e d  by  th a t  a g e n t  a r e  
u s e l e s s .  I t  d o es  mean however th a t  i f  t h e  s u b s ta n c e  i s  
weakly r e a c t i n g  i t  s h o u ld  b e  s u b j e c t e d  to  an h y d r o ly s i s  
b efo re  o x i d a t i o n .  T h is  w i l l  ensure th e  i d e n t i f i c a t i o n  o f  
that w eak ly  r e a c t i n g  s u b s t a n c e  i f  i t  Is p r e s e n t  in  s u f f i c i e n t  
amount.
The h i s t o c h e m i c a l  s i g n i f i c a n c e  o f  th e  r e a c t i o n  i s  
hot a t  a l l  c l e a r  and f u r t h e r  work w i l l  h a v e  to b e  c a r r ie d  
out to  d i s c o v e r  why f o r  i n s t a n c e ,  g a s t r i c  mucus does n o t  
change in  t h e  same way as r e c t a l  m ucus, a f t e r  exposure  to  
fo rm a lin .
( 1^8)
The r e l a t i o n s h i p  b e tw e e n  fo r m a l in  f i x a t i o n  
and l e a d  t e t r a c e t a t e  and p e r i o d i c  a c i d  o x id a t io n  w i l l  
a lso  h a v e  t o  h e  i n v e s t i g a t e d .
SUMMAZY A iiD  O O lu Ih U S IO N S .
Tile i n i t i a l  i n t e n t i o n  was to i n v e s t i g a t e  the  
e f f e c t  o f  h y a lu r o n id a s e  on grow ing c o n n e c t iv e  t i s s u e  and to  
e lu c id a t e  i t s  r e l a t i o n s h i p  to  t h e ' i n h i b i t i o n  o f  c o n n e c t iv e  
t i s s u e  fo r m a t io n  h y  c o r t i c o s t e r o i d s .  I t  has "been shown  
that p e r s i s t e n t  a p p l i c a t i o n  o f  th e  enzyme to  g r a n u la t in g  
t i s s u e  c a u s e s  r a p id  i n v a s i o n  o f  th e  s u r f a c e  ex u d a te  hy  
f i b r o b l a s t s  and t h a t  t h e  norm al fo r m a t io n  o f  "bundles o f  
r e t i c u l a r  t i s s u e  i s  im p a ir e d .  I n v e s t i g a t i o n s  o f  th e  e f f e c t  
of a s i n g l e  a p p l i c a t i o n  o f  h y a lu r o n id a s e  and th e  r e l a t i o n s h i p  
of t h e s e  e f f e c t s  t o  s im u lta n e o u s  c o r t i c o s t e r o i d s  a p p l i c a t i o n  
was n o t c a r r i e d  out a s  th e  h i s t o l o g i c a l  t e c h n iq u e s  b e in g  
used i n  t h e  i n v e s t i g a t i o n  w ere u n s a t i s f a c t o r y .
I n v e s t i g a t i o n  o f  t h e s e  t e c h n iq u e s ,  th e  background  
o f  which i s  d e s c r i b e d ,  l e a d  t o  t h e  a d o p t io n  o f  new o n e s .
One o f  t h e  t e c h n iq u e s  a d op ted  was t h a t  o f  u s in g  w a t e r - s o lu b le  
p o ly e th y le n e  g l y c o l  Wax as an embedding medium. I t  p erm its  
i d e n t i f i c a t i o n  o f  l i p i d s  i n  s e r i a l  s e c t i o n  and red u ces  l o s s e s  . 
and d i s t o r t i o n  o f  t i s s u e  c o n s t i t u e n t s  d u r in g  em bedding.
While u s in g  t h i s  wax d i f f i c u l t i e s  in  s e c t i o n i n g  w ere encountered  
and i n v e s t i g a t i o n s  showed t h a t  t h e s e  were ca u sed  b y  h ig h  
atm ospheric  r e l a t i v e  h u m id i t i e s  c a u s in g  abscaption o f  w ater  
by th e  v ery  h y g r o s c o p ic  wax.
In  o r d e r  to  e l im in a t e  c h e m ic a l  l o s s  or a l t e r a t i o n ,  
or p h y s i c a l  ch a n g e ,  i n  th e  t i s s u e ,  f r e e z e - d r y in g  was adopted  
as a method o f  p r e p a r a t i o n .  Due to  in a d e q u a te  know ledge a t  
th at t im e o f  th e  problem s in v o lv e d  th e  th e o r y  o f  t i s s u e
f r e e z e -d r y in g  was e n t e r e d  i n t o  i n  some d e t a i l  and a new 
apparatus, b a s e d  on th e  t h e o r e t i c a l  f i n d i n g s ,  was d es ig n e d -  
and b u i l t .
B e c a u s e  o f  th e  la c k  o f  s p e c i f i c i t y  o f  th e  
h is to c h e m ic a l  t e c h n iq u e s  a v a i l a b l e  fo r  t h e  i d e n t i f i c a t i o n  o f  
hyalu ron ic  a c i d s  a t te m p ts  were made t o  d e v e lo p  a new o n e .
These a t te m p ts  a r e  d e s c r i b e d .  The f a c t  t h a t  exposure o f  
c o n v e n t io n a l ly  p r e p a r e d  s e c t i o n s  to  sodium  h y d r o x id e ,  b e f o r e  
p e r io d ic  a c id  o x i d a t e ,  g r e a t l y  enhances th e  c o lo u r  r e a c t i o n  
obtained in  c e r t a i n  t i s s u e s  w ith  th e  P . A . 3 .  t e c h n iq u e ,  was 
n oted . The i n v e s t i g a t i o n  o f  t h i s  e f f e c t  i s  d e s c r ib e d  and 
i t  i s  shorn  t h a t  f o r m a l in  ap p ears  to  a f f e c t  c e r t a i n  s u b s t a n c e s ,  
p o s s ib ly  b y  p o l y m e r i s i n g  them, so  t h a t  th e y  o n ly  r e a c t  w eakly  
with th e  P . A . S .  t e c h n iq u e .  The a l k a l i  r e v e r s e s  t h i s  f o r m a lin  
e f f e c t  so  t h a t  t h e y  r e a c t  s t r o n g l y  to  t h e  P . A . S .  te c h n iq u e  a g a in .  
The r e l a t i o n s h i p  b e tw e e n  t h i s  fo r m a lin  e f f e c t  and t h e  ch em ica l  
s tr u c tu r e  o f  t h e  s u b s t a n c e s  in v o lv e d  i s  doe c u s s e d .
/
The c o n c l u s i o n  rea ch ed  i s  th a t  h y a lu r o n id a s e  has a 
d e f in i t e  e f f e c t  on f i b r o b l a a s t i c  i n f i l t r a t i o n  and f i b r e  
form ation  i n  gro w in g  c o n n e c t i v e  t i s s u e  b u t  t h e  r e l a t i o n s h i p  
of t h is  f u n c t i o n  to  t h e  a c t i o n  o f  a d r e n o c o r t i c o s t e r o i d s  i s  n o t  
c l e a r .  i n  a h i s t o c h e m i c a l  s tu d y  o f  t h i s  ty p e  i t  i s  e s s e n t i a l  
to ensure th a t  th e  s u b s ta n c e s  in v o lv e d  in  the  s tu d y ,  h y a lu r o n ic  
acid  in  t h i s  c a s e ,  a r e  n o t  b e in g  l o s t  d u r in g  p r e p a r a t io n  fo r  
m icroscopic  e x a m in a t io n ,  and th a t  t h e r e  i s  a v a i l a b l e  a te c h n iq u e  
for  i d e n t i f y i n g  them . As t h e s e  two c r i t e r i a  were n ot s a t i s f i e d  . 
i n i t i a l l y  in  t h i s  c a s e  f r e e z e - d r y i n g  and th e  u s e  o f
p o ly e th y le n e  g l y c o l  waxes v/ere ad o p ted  i n  order th a t  t h e  
f i r s t  would h e .  I n v e s t i g a t i o n  o f  th e  se co n d  has shown t h a t  
although t h e r e  i s  no h i s t o c h e m ic a l  method fo r  i d e n t i f i c a t i o n  
of h y a lu r o n ic  a c i d  a v a i l a b l e  i t  m ight b e  p o s s i b l e  to  d e v e lo p  
one b ased  on t h e  a l k a l i n e  d e c o m p o s it io n  o f  i t s  hexosam ine  
c o n te n t .  Then i t  m igh t  b e  p o s s i b l e  to  r e tu r n  to  a more 
accu rate  s t u d y  o f  t h e  i n t e r  r e l a t i o n s h i p  o f  h y a lu r o n id a s e  
and h y a lu r o n ic  a c i d  f u n c t i o n  i n  f i b r o b l a s t i c  a c t i v i t y .
' ' »
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T a b le s , g r a p h s , f i g u r e s ,  a p p e n d ic e s , r e f e r e n c e s ,  
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9 .  The o p t i c a l  r e t a r d a t i o n s  o f  human red  b lo o d  c o r p u s c le s :
A q u a n t i t a t i v e  s t u d y .  ( I n  p r e p a r a t i o n ) .
APPENDIX I .
M ethod s h e e t  f o r  p r o c e s s  o f  s o f t e n i n g  t i s s u e  p r i o r  to  em b ed d in g .
10$  n e u t r a l  fo r m a l in - k d a y s •
p h e o n o l - .7 2  h o u r s .
50$  m eth an o l and p h e n o l - 8 h o u r s .
75$ m eth an o l and p h e n o l - 16 h o u r s .
96$  m eth an o l and p h e n o l - h ours •
A b s o lu te  e th a n o l - 3 h o u r s .
M ethyl b e n z o a t e  -  3 ch an ges - 36 h o u r s .
B e n z o l - h o u r .
P a r a f f i n  wax -  3 ch an ges - k h ou rs  .( vacuum embedde
S e c t io n s  c u t  a t  8 u
APPENDIX 2
S t a in i n g  t e c h n iq u e s  u se d  in  wound h e a l i n g  e x p e r im e n ts .
( 1) HAEMALUM & EOSIN.
B r in g  s e c t i o n  to  w a te r .
Haemalum 3 -4  m in .
'Water 3 m in .
E o s in  ( a l c o h o l i c )  1 m in .
R in s e  in  50% e t h a n o l .
( 2 )  MALLORY.
B r in g  s e c t i o n  to  w a t e r .
H eid  f u c h s i n  1 m in .
R in s e  in  w a te r .
5% p h o s p h o tu n g s t ic  a c id  3 -1 0  m in .
R in se  in  w a te r .
M a llo r y  s t a i n  ( a n i l in ." b lu e  and orange G .)  3 m in .
R in s  e in  w a te r .
( 3 )  WEIGBRT1 3 ELA3TICA.
B r in g  s e c t i o n  t o  70% e t h a n o l .
P la c e  s l i d e  i n  c o ld  R e s o r c in  f u c h s i n  s o l u t i o n  and p l a c e  
i t  i n  an in c u b a to r  a t  32 d e g .  G. f o r  1 hour or l o n g e r .  
( T h is  s t a i n  i s  p rep ared  'by d i s s o l v i n g  0 . 0 2  gm. R e s o r c in  
f u c h s i n  in  100 c c .  70% e th a n o l  w hich i s  h o i l e d  to  
d i s s o l v e  a l l  o f  th e  dry  s t a i n .  Add 1 c c . n i t r i c  a c i d .
( 4 )  GORDON AND SWEET’ S RETICULUM.
B r in g  s e c t i o n  to  w a t e r .
P la c e  in  perm anganate s o l u t i o n  ( 4 7 * 5  c c . o f  0.5% 
p o ta ss iu m  perm anganate and 2 .5  cc . o f  3% s u lp h u r ic  a c i d . )  
f o r  3 m in .
Wash w e l l  i n  w a t e r .
B le a c h  u n t i l  w h it e  in  1% o x a l i c  a c i d .
Wash w e l l  i n  d i s t i l l e d  w a te r .
Mordant i n  2,5% aqueous Iron  alum f o r  20 m in .
Wash w e l l  i n  d i s t i l l e d  w a te r .
Im pregnate  in  diammine s i l v e r  h y d r o x id e  fo r  1 m in . (To  
3 c c . o f  10.2% s i l v e r  n i t r a t e  add s t r o n g  ammonia dropy  
h y  drop u n t i l  the  p r e c i p i t a t e  formed j u s t  d i s s o l v e s .
Then add 3 c c . o f  3*1% sodium  h y d r o x id e  and a p r e c i p i t a t e  
w i l l  form . R e d i s s o lv e  t h i s  p r e c i p i t a t e  in  s t r o n g  
ammonia and d i l u t e  to  30 c c . w ith  d i s t i l l e d  w a t e r . )
Wash w e l l  in  d i s t i l l e d  W ater.
Tone i n  0.2% g o ld  c h l o r i d e  f o r  3 m in .
Wash i n  d i s t i l l e d  w a te r .
F ix  in  5% sodium  t h io s u l p h a t e  for  3 m in .
Wash w e l l  i n  d i s t i l l e d  w a t e r .
C o u n te r s ta in  i n  1% n e u t r a l  r e d .
R in se  in  w a t e r .
D i f f e r e n t i a t e  in  a n i l i n e  a l c o h o l  ( 1  cc . a n i l i n e  o i l  in  
1000 cc . 9 6% e t h a n o l )
Wash in  w a te r .
APPENDIX 2 .
( 5 )  PSP IODIC ACID-SCHIFF.
Tiie method u se d  was the  same a s  t h a t  d e s c r ib e d  
i n  s e c t i o n  V o f  t h i s  t h e s i s .
( 6 )  TOLUIDIN BLUE.
The method u se d  was th e  same as th a t  d e s c r ib e d  
i n  s e c t i o n  V o f  t h i s  t h e s i s .
T ABLE 1 .
S e r i e s  1 . W eights o f  r a t s  o p e r a te d  u p o n .
Rat N o. Weight a t  s t a r t  Time k i l l e d  (d a y s  W eight a t  death*
i n  G-m. a f t e r  o p e r a t i o n . )
1 251 2 2k9
2 2k2 2 2kb
3 ■ 2kO k 237
4 2UO 1+ 2 k l
5 260 6 251+
6 260 6 257
7 258 8 261
8 235 8 236
9 255 10 251+
10 268 10 263
Even numbers a r e  r a t s  t r e a t e d  w ith  a c t i v e  p r e p a r a t io n  o f  
h y a lu r o n id a s e .  Odd numbers are  t h o s e  t r e a t e d  w ith  
c o n t r o l  s o l u t i o n .
TABLE 2 .
•3e r le s  2 . W eights o f  r a ts  op erated  upon
E ats 11-18 r e c e iv e d  a c t iv e  h y a lu r o n id a se . E ats 12-26 r e c e iv e d  
in a c t iv e  c o n t r o l  s o l u t i o n .
Eat n o . Weight a t  s t a r t  Time k i l l e d  (d a y s Weight a t  d e a th ,
in  Gm. a f t e r  o p e r a tio n )
11 225 2 220
12 220 10 225
13 220 1 220
11+ 265 5 260
15 210 ' 3 200
16 225 6 230
17 21+0 8 250
18 235 1+ 21+0
19 220 6 200
20 230 2 225
21 250 5 230
22 225 1 . 225
23 235 10 212
21+ 215 3 195
25 210 1+ 205
26 195 - 8 188
F i g . l .
G r a n u l a t i n g  wound t i s s u e  s t a i n e d  w i t h  Haemalum and E o s i n  
and  show ing  t h e  com pac t  l i n e  o f  a d v a n c i n g  f i b r o b l a s t s .  
T h i s  woumd was t r e a t e d  w i t h  t h e  c o n t r o l  s o l u t i o n  and  i s  
s i x  d ay s  o l d .  X 15 0 .
F i g . 2 .
G r a n u l a t i n g  wound t i s s u e  s t a i n e d  w i t h  Haemulum and E o s in  
and showing  t h e  a d v a n c i n g  f i b r o b l a s t s  i n f i l t r a t i n g  t h e  
s e r o u s  e x u d a t e .  They a r e  n o t  r e s t r i c t e d  t o  a com pact  l i n e  
a s  i n  t h e  p r e v i o u s  f i g u r e .  T h i s  wound was t r e a t e d  w i t h  
t h e  a c t i v e  p r e p a r a t i o n  o f  h y a l u r o n i d a s e  and i s  s i x  days  
o l d .  X 150 .
The same p r e p a r a t i o n  a s  i n  F i g . l .  The compact  s e r o u s  
e x u d a t e  l y i n g  t o  t h e  l e f t  o f  t h e  a d v a n c i n g  l i n e  o f  
f i b r o b l a s t s  i s  e a s i l y  s e e n .  X 500 .
F i g .  4 ,
The same p r e p a r a t i o n  a s  i n  F i g . 2 .  The v e r y  l o o s e  s e r o u s  
e x u d a t e  b e i n g  p e n e t r a t e d  by l a r g e  w i d e l y  s e p a r a t e d  
f i b r o b l a s t s  i s  c l e a r l y  s e e n .  X 500 .
F i g . 5.
An e i g h t  day  o l d  wound s t a i n e d  by Gordon and S w e e t ’ s 
method f o r  r e t i c u l i n .  The r e t i c u l i n  h a s  a v e r y  com pac t  r e g u l a r  
a r r a n g e m e n t .  T h i s  wound was t r e a t e d  w i t h  t h e  c o n t r o l  
p r e p a r a t i o n  o f  h y a l u r o n i d a s e .  X 150 .
P i g . 6 *
An e i g h t  day o l d  wound s t a i n e d  by Gordon and S w e e t ’ s 
method f o r  r e t i c u l i n .  The r e t i c u l i n  h a s  a v e r y  r a g g e d  
and w i d e l y  s e p a r a t e d  a p p e a r a n c e .  T h i s  wound was t r e a t e d  
w i th  t h e  a c t i v e  p r e p a r a t i o n  o f  h y a l u r o n i d a s e .  X 150 .
F i g .  7
The same p r e p a r a t i o n  a s  i n  F i g . 5 .  The f i n e  f i b r e s  o f  
r e t i c u l i n  c a n  be s e e n  a r r a n g i n g  t h e m s e l v e s  i n t o  b u n d l e s  
p a r a l l e l  t o  t h e  s u r f a c e  o f  t h e  wound. X 5 0 0 .
F i g . 8 .
The same p r e p a r a t i o n  a s  i n  F i g . 6 .  The r e t i c u l i n  p r e s e n t  
c o n s i s t s  o f  s h o r t  f i b r e s  w i t h  a r a t h e r  f r a g m e n t e d  
a p p e a r a n c e .  T h e re  i s  no e v i d e n c e  o f  t h e  b u n d le  
a r r a n g e m e n t  s e e n  i n  F i g . 7 .  X 5 0 0 .
T a b le  3 .
S -  s e c t i o n i n g  R = r i b b o n i n g .
T e m p e r a t u r e  R e l a t i v e  T h i c k n e s s  i n  u .
g r o u p .  h u m i d i t y .  4  7 10
17^ 18°0
19- 20°G
s R 3 R 3 R
89 «*- +■ +
86 - - + + +- +
82 - — ■ *K +
77 4* — ■f- + + +
72 + + + + •f +
68 ■f + + +
64 + + + + + +
62 + + + + + +
59 + + +■ + + +
57 + + + + + +
54 + + + + + +
49 + + + + + +
45 + + + + + +
41 + + + + + +
38 + + + + + +
35 + + + + + +
87 .
84 - - - - - -
82 - - - - — -
80 - - - - - -
78 — - — - — —
74 - - - - + ±
70 - - + + +
65 — — + — + +
63 + + ± + +
59
+ ± + ± + +
55 + + + + + +
51 + + + + +
48 + + + + + +
4 4 + + + + + +
41 + + + + + +
37 + + + + +
T e m p e r a t u r e  R e l a t i v e  T h i c k n e s s  i n  u .
grout* h u m i d i t y  1+ 7 10
8 R S R S
20 .5-21  ,5°C
22-23°0
87 — — —■ — — —
83 - — —V — 1 -
79 — —• _ —
T —
73 ■ — — — — + +
71 , — - ~ — + +
67 . 7 — + + + +
614. - —. — + + + +
60 ■ + — + + + +
38 — + + + +
36 + + + + + +
U9 + + + + +
Z4.6 + + + -f* + +
k2 : + + + + + +
39 + + + + +




— — — — . —
(O
76 _ _ + _
72 — — ± - + —
69 - — — - + +
68 — + — + +
6k — - + — + +
62 — — + — + +
61 + + + + + +
38 + + + + + +
33 + + + + +
31 + + + + + +
h i + + + + +
kk + + + + + +
39 + + + + + +
T a b le  3 .
T e m p e r a t u r e  R e l a t i v e  T h i c k n e s s  i n  u .
g r o u p  h u m i d i t y  1+ 7 10
3 R 3 R S R
81+ -  -  -  ~  -
73 -  -  -
69 -  -  -
0 67 _ _ _ _ _ _
24-25 C 66 _ _ _ _ _ _
63
60 -  -  -  -
39 -
36 -  -  -  +
49 z  -  + +
1+6 -  +  -  +  +
1+3 - -  + - +  +
1+0 + "• + + + +
37 + *— + ■+ + +
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TEMPERATURE ° C
Graphic r e p r e s e n t a t i o n  o f  th e  r e s u l t s  shown in  Table 3 .
The c u r v e s  a r e  drawn th rou gh  th e  means o f  th e  upper and 
low er  p o i n t s  r e p r e s e n te d  by th e  t i p s  o f  th e  v e r t i c a l  
arrow s in  th e  graph. At any one te m p e r a tu r e ,  a t  r e l a t i v e  
h u m id i t i e s  l e s s  th an  th e  v a lu e s  in d ic a t e d  by th e  t i p  o f  
the  lo w er  arrow , r ib b o n in g  and s e c t i o n i n g  were both  
s a t i s f a c t o r y .  The t i p  o f  th e  upper arrow i n d i c a t e s  th e  
d eg ree  o f  h u m id ity  above which b o th  r ib b o n in g  and s e c t i o n ­
in g  i n e v i t a b l y  f a i l e d .  At in te r m e d ia t e  v a l u e s ,  in d ic a t e d  
by th e  i n t e r v a l  betw een  th e  two arrow h e a d s ,  r e s u l t s  
were e r r a t i c ,  b u t a s  th e  h u m id ity  in c r e a s e d  th e r e  was 
p r o g r e s s iv e  d e t e r i o r a t i o n .
F i g l O.
G la s s  t u b i n g  s y s t e m  o f  f r e e z e - d r y i n g  a p p a r a t u s ,  show ing  
ground g l a s s  j o i n t s ,  D r e s e h e l  b o t t l e  and t h e  new t y p e  
o f  v a p o u r  t r a p .
F i g . 11
c m s .
B 2 4  JOI NT
B 2 4  J O I N T "
VANE T Y P E
T R A P ' '
D E H Y D R A T I N G  
T U B E -  -
TIP OF
THERMI STOR. .
METAL S H I E L D -  
EMBEDDING PAN 
H E A T E R --------------
The f i r s t  t y p e  o f  v a p o u r  t r a p  u s e d  show ing  t h e  s i z e  o f  
t h e  t h e r m i s t o r  and. i t s  r e l a t i o n s h i p  t o  t h e  t i s s u e s  and 
h e a t e r .  T h in  s l i c e s  o f  t i s s u e  a r e  p l a c e d  on to p  o f  t h e  
h e a t e r  and  t h e  t i p  o f  t h e  t h e r m i s t o r  i s  b r o u g h t  i n t o  
c o n t a c t  w i t h  t h e i r  s u r f a c e .
F i g , 12
V A C U U M  P U M P
o
SWORT WAVE HEATING 
PLATES SHOWING 
RADIATION TO TISSUE
SOLID COz +  ALCOHOL 
-7 8 ° C .
Diagram o f  f r e e z e - d r y i n g  a p p a ra tu s  w ith  p roposed  
method o f  s h o r t  wave h e a t i n g .
F i g . 1 5 .
o  lOOv. 
o  30  mA.I a Fuse
Neon 
Pilot LampMains ' 








C i r c u i t  o f  tem p era tu re  r e g u l a t o r  f o r  ra n g e  -45  C. to  
-2 8 °C . Component v a lu e s  a r e  a s  i n  t a b l e  4 .
F i g . 1 4 .
5Oe/» 
AC. 
M a in s  
I n p u t .
Pilot Lamp &t









Com plete c i r c u i t  o f  tem p era tu re  r e g u l a t o r .  The s w itc h  
s e c t i o n s  S I  -  S4 a r e  gan ged , and a r e  drawn i n  p o s i t i o n  
0 .  P o s i t i o n s  1 - 1 1  a r e  o b ta in e d  in  tu r n  by c lo c k w is e  
r o t a t i o n  o f  th e  r o t o r s  from th e  p o s i t i o n  shown. 
Component v a lu e s  a r e  a s  i n  T ab le  4 .
T a b l e  1±.
Component value®' f o r  t h e r m is to r  c i r c u i t s ,  shown in
F i g s .  13 and lh»
Rj* 6 .8  k ; Rg, 22 k ; R , 100 k ; R^, 68 k ; R^, 10 k ; 
Rg & R_,ss 2 .2  M , h ig h  s t a b i l i t y ;  Eg, 2 . 2  M ; R^, /+70 k ; 
R1 0 , 270 k ; Rn , hi k ; Rl 2 , 10k ; R1 , 13 k ;
Rl k , 18 k ; Rl 5 , 22 k ; Rl 6 , 33 k ; R1 ? , h i  k ;
Rls >  73 k ; Rl g , 130 k ; S 2 0 , 270 k ; Px , 23 k ;
P2 , 270 k ; P3 , 25 k 5 ° 1 = ° 2 = 1 uF > °3» ° - 1 u P >
m ica; C^, 0 .2 5  uF; C~, i+ uF; Vx , 6H6; 6J7; V , 6v6.
R e la y ,  2000 P .O . t y p e .
C O N T R O L  P A N E L -
A I R  I N L E T ---------------------
T E S L A  C O I L  ^
V A P O U R  T R A P  
D E H Y D R A T I N G  T U B E
V A C U U M  P U M P  
P U M P  M O T O R  - -  
V A C U U M  F L A S K
- — h i  —
Cl
-  -  ^  / a
G-eneral la y o u t  o f  f r e e z e - d r y i n g  a p p a r a tu s .
F i g . 1 6 .
Photograph, o f  g e n e r a l  la y o u t  o f  f r e e z e - d r y i n g  a p p a r a tu s .
F i e . 17 .
TEMPERATURE CO N T R O L UNIT.
hea ter  p il o t .
t e m p  r a n g e
No_o. — 45°C. to -2 8 ° C . 










i M A I N S  INLET MAINS
PILOT. C O N N E C T I O N S
#  #
P h o t o g r a p h  o f  c o n t r o l  p a n e l  o f  f r e e z e - d r y i n g  a p p a r a t u s .
I so p e n ta n e  c o n t a in e r  and t i s s u e  a g i t a t o r  which s l i d e s  
up and down i n s i d e  i t .
Method o f  d e t e c t i n g  l e a k s  i n  vacuum sy stem  by 
p r o g r e s s i v e l y  r e p l a c i n g  p a r t s  w h i l e  th e  pump i s  
ru n n in g  and t e s t i n g  th e  vacuum w ith  th e  T e s la  c o i l  
each t im e a p a r t  i s  r e p l a c e d .
S e c t i o n  o f  f r o z e n - d r i e d  r a b b i t  l i v e r  c u t  a t  6 u .
Mounted i n  N onane .  I n t e r f e r e n c e  m i c r o g r a p h  a t  i n f i n i t e  
f r i n g e  s e p a r a t i o n .  The n u c l e i  a r e  r e g u l a r  i n  sh a p e  and  
t h e i r  c o n t e n t s  a r e  e v e n l y  d i s p e r s e d .  N u c l e o l i  a r e  c l e a r  
c u t .  I n c l u s i o n s  a r e  e a s i l y  d i f f e r e n t i a t e d  f ro m  t h e  ev en  
d i s p e r s i o n  i n  t h e  c y t o p l a s m i c  b a c k g r o u n d .  The c e l l  
membrane i s  w e l l  d e f i n e d  and  t h e r e  i s  no a r t i f i c i a l  
s e p a r a t i o n  o f  t h e  c e l l s .  X 750 .
F i g . 21
T h is  i s  t h e  same s p e c im e n  a s  i n  F i g . 20 .  b u t  u s i n g  a 
d i f f e r e n t  p h a s e  c h an g e  i n  t h e  i n t e r f e r e n c e  s y s t e m .
Tliis  s e c t i o n  was p r e p a r e d  i n  t h e  same way a s  t h a t  i n  
F i g . 2 0 .  b u t  h a s  n o t  b e en  w e l l  p r e s e r v e d .  The n u c l e i  
a r e  r e g u l a r  i n  o u t l i n e  b u t  t h e i r  c o n t e n t s  a r e  n o t  
e v e n l y  d i s p e r s e d .  They a p p e a r  v a c u o l a t e d  b e c a u s e  o f  
g r o s s  i c e  c r y s t a l  f o r m a t i o n .  The c e l l  c y t o p l a s m  i s  
d i s t o r t e d  i n  a s i m i l a r  way and t h e  i n c l u s i o n s  c a n n o t  
be d i f f e r e n t i a t e d  f ro m  t h e  u n e v e n  b a c k g r o u n d .  C e l l  
o u t l i n e s  a r e  vag u e  and many c e l l s  a r e  f r a g m e n t e d  by 
c o n t r a c t i o n  c r a c k s .  X 750.
APPENDIX I I I .
Method o f  p r e p a r a t i o n  o f  s o l u t i o n s  u s e d  i n  t h e  
p e r i o d i c  a c i d - S c h i f f  t e c h n i q u e .
P e r i o d i c  a c i d  -  A c c o r d i n g  t o  H o t c h k i s s  ( I 9 U8 )
D i s s o l v e  O.A g .  o f  p e r i o d i c  a c i d  i n  33 m l .  o f  
e t h y l  a l c o h o l  a n d  a d d  3 m l .  o f  M/3 s o d iu m  a c e t a t e  an d  
10 m l .  o f  d i s t i l l e d  w a t e r .  T h is  s o l u t i o n  i s  s t o r e d  a n d  
u s e d  i n  a  b l a c k  p a i n t e d  b o t t l e .
S c h i f f  s o l u t i o n  -  A c c o r d i n g  to  L i l l i e  ( 1931a)  m o d i f i e d  t o  
c o n fo rm  w i t h  t h e  f i n d i n g s  o f  L o n g l e y  ( 1932)  and  A t k i n s o n  
( 1 9 5 2 ) .
D i s s o l v e  0 . 3 3  g .  b a s i c  f u c h s i n  and. 1 .9  g .  so d iu m  
m e t a b i s u l p h i t e  t o  100 m l .  0 . 1 3  N HG1 and  s h a k e  t h e  s o l u t i o n  
f o r  2 h r s . L e t  i t  s t a n d  o v e r n i g h t  and  t h e n  s h a k e  i t  up 
w i t h  f r e s h  a c t i v a t e d  c h a r c o a l  f o r  one h o u r  a n d  t h e n  f i l t e r  i t .  
The s o l u t i o n  s h o u l d  b e  w a t e r  c l e a r .
A c e t y l a t i o n  m i x t u r e  -  The s e c t i o n s  a r e  p l a c e d  i n  a s o l u t i o n  
o f  liO m l .  a c e t i c  a n h y d r i d e  and  60 m l .  p y r i d i n e  f o r  16 h o u r s  
a t  room t e m p e r a t u r e .  They a r e  t h e n  removed a n d  washed  
i n  a l c h o l l
D e - a c e t y l a t i o n  m i x t u r e .  The  S e c t i o n s  a r e  p l a c e d  i n  a m i x t u r e  
of  20 p a r t s  o f  28% ammonia and  80 p a r t s  o f  75%> e t h a n o l  f o r  
1-2 days  a t  room t e m p e r a t u r e .  They  a r e  t h e n  removed a n d  
washed i n  e t h a n o l .
A P P E N D I X  I V .
E f f e c t s  o f  d i f f e r e n t  a l k a l i  s o l u t i o n s  i n c r e a s i n g  
t h e  c o l o u r  r e a c t i o n  o f  f o r m a l i n  f i x e d  f r o z e n - d r i e d  r a b b i t  
duodenum. + i n d i c a t e s  d e g r e e  o f  c o l o u r  p r o d u c e d ,  P means 
p a t c h y  c o l o u r  e n h a n c e m e n t .
Time o f  e x p o s u r e  
i n  m i n u t e s  a t  
2 2 ° G .
O . l l  
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5 ++ +++ + ++++
15 + +++ + + ++-
60 ++ + +— ++■*•
5 + - P+ +— ++++
15 +— P+ P + P++
60 - P++ + ,
5 ++ +++ + ++++
15 + +++ ++ ++”•
60 ++*■ ++ ++“* ++*■■
A P P E N D I X  V I .
Method o f  b u f f e r  p r e p a r a t i o n  a n d  u s a g e  i n  
r e l a t i o n  t o  t h e  d e t e r m i n a t i o n  o f  t h e  a p p r o x i m a t e  i s o ­
e l e c t r i c  p o i n t  o f  t h e  mucus o f  B r u n n e r 1 s  g l a n d s .  
P r e p a r a t i o n  a c c o r d i n g  t o  O s t l i n g  and  V i r t a m a  ( 1946)  
C o n s t a n t  b o i l i n g  HC1 d i l u t e d  t o  0 .1 N  
( 18 .0 1 9 g . - 1 0 0 0 m l . a t  760mm.) S a t u r a t e d  HaOH i s  p r e p a r e d  
a n d  c e n t r i f u g e d  u n t i l  a l l  s o l u b l e  c a r b o n a t e  s e t t l e s .
5 8 m l .  o r  s u p e r n a t a n t  i s  d i l u t e d  w i t h  CO f r e e  c o n d u c t i v i t y  
w a t e r  t o  lOQOml. D e t e r m i n e  s t r e n g t h  b y  t i t r a t i o n  w i t h  
0.111 HC1. W.B. a c i d  a n d  b a s e  m us t  c o r r e s p o n d  e x a c t l y .
S t o c k  s o l u t i o n .  I n  a 1000m l.  f l a s k  p l a c e  
8 . 9 0 3g* N a ^ i l P O • 2H2O 7«00g* CgE^O-, H^O • ,  3»b4g»H^B0^. ,  
2 4 3 . 0 m l .  1 . 1  NaOH, an d  a d d  C02  f r e e  w a t e r  t o  1000m l .
Keep i n  CO^ p r o t e c t e d  b o t t l e .
To 20m l .  s t o c k  ad d  0 .1 N  EC1 a s  i n  t h e  f o l l o w i n g  
t a b l e ,  f o r  t h e  r e q u i r e d  pH.
A P P E N D I X  V I I .
One s o l u t i o n  u s e d  was c o n s i d e r e d  t o  b e  a p u r e  
p r e p a r a t i o n  o f  h y a l u r o n i c  a c i d ,  t h e  o t h e r  was c o n s i d e r e d  
t o  b e  c o n t a m i n a t e d  w i th  a  s u l p h u r  c o n t a i n i n g  m u c o p o l y s a c c h a r i d e .
G l e a n  g l a s s  s l i d e s  w e re  c o v e r e d  w i t h  t h i n  f i l m s  
o f  t h e s e  s u b s t a n c e s  and  d r i e d  i n  a i r  a t  room t e m p e r a t u r e .
They  w e re  t h e n  c a r r i e d  t h r o u g h  t h e  p e r i o d i c  a c i d - S c h i f f  
and  m e t a c h r o m a t i c  t e c h n i q u e s  p r e v i o u s l y  d e s c r i b e d .
The s l i d e  c o v e r e d  w i t h  p u r e  h y a l u r o n i c  a c i d  
g a v e  no r e a c t i o n  w i t h  e i t h e r  t e c h n i q u e .  The s l i d e  c o v e r e d  
w i t h  t h e  s u l p h u r  c o n t a i n i n g  p r e p a r a t i o n  g av e  a v e r y  s l i g h t  
p i n k  c o l o u r  w i th  t h e  P . A . S .  m ethod  and  showed, q u i t e  
s t r o n g  m e t a c h r o m a s i a .
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S e c t i o n  o f  r a b b i t  duodenum f i x e d  i n  f o r m a l i n  and 
s t a i n e d  by t h e  P . A . 8 . t e c h n i q u e .  X 225 .
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S e c t i o n  o f  r a b b i t  duodenum f i x e d  i n  f o r m a l i n  and 
s t a i n e d  by t h e  P .A .S .  t e c h n i q u e  a f t e r  e x p o s u r e  t o  
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